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(54) RESTRICTION DEVICE

(57) An implantable operation device for operating
an implantable restriction element adapted to restrict a
urethra of a patient. The operation device comprises a
reservoir for holding a hydraulic fluid, the reservoir com-
prises a first wall portion, wherein the first wall portion is
movable to alter the volume of the reservoir and thereby
transport hydraulic fluid from the reservoir to the implant-
able restriction element. The operation device further
comprises an operation member connected to the first
wall portion, such that operation of the operation member
alters the volume of the reservoir. The operation device
further comprises an electrical motor connected to the
operation member, such that force is transferred from
the electrical motor to the operation member for altering
the volume of the reservoir. The operation device further
comprises a flexible enclosure enclosing the movable
wall portion and the operation member, wherein the flex-
ible enclosure is adapted to have its volume altered by
changing the outer size and shape of the flexible enclo-
sure, wherein an average thickness of the first wall por-
tion is less than an average thickness of a second wall
portion of the reservoir.
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Description

Technical field

[0001] The present invention relates to medical im-
plants. More specifically the invention relates to medical
implants for restricting luminary organs.

Background

[0002] Restricting a luminary organ of a patient may
be damaging to the restricted organ, it would therefore
be advantageous to have a restriction device adapted to
restrict a luminary organ of the patient in a less damaging
way than the devices of the prior art.

Summary

[0003] A hydraulic implantable restriction device for re-
stricting a luminary organ of a patient is provided. The
hydraulic implantable restriction device comprises a first
hydraulic restriction element adapted to restrict a first por-
tion of the luminary organ, and a second hydraulic re-
striction element adapted to restrict a second portion of
the luminary organ. The hydraulic implant further com-
prises a control unit adapted to control the first and sec-
ond restriction elements for automatically switching be-
tween restricting the first and second portion of the lumi-
nary organ, for creating a less damaging restriction. The
control unit may be adapted to automatically switch be-
tween restricting the first and second portion of the lumi-
nary organ on the basis of at least one of: a lapsed time
being between 10 minutes and 6 months, and the patient
using the function of the restricted luminary organ.
[0004] According to some embodiments, the implant-
able restriction device ,may be adapted to restrict a lu-
minary organ of the patient selected from a list consisting
of: an intestine of the patient, a blood vessel of the patient,
the urethra of the patient, the vas deference of the patient,
the stomach of the patient, the esophagus of the patient,
the anal sphincter, the cardia sphincter, the urinary
sphincter and/or the oviducts of the patient.
[0005] The control signal may be a control signal gen-
erated on the basis of a sensor input, or may be a control
signal transmitted from outside of the body of the patient.
[0006] The implantable hydraulic restriction device
may further comprise an implantable fluid reservoir and
a first fluid conduit connecting the fluid reservoir to the
first restriction element, and a second fluid conduit con-
necting the fluid reservoir to the second restriction ele-
ment. The implantable fluid reservoir may comprise at
least one moveable wall portion for changing the volume
of the implantable fluid reservoir and thereby moving fluid
from the implantable fluid reservoir to the first and second
restriction elements.
[0007] The implantable hydraulic restriction device
may further comprise a hydraulic pump for pumping fluid
from the implantable reservoir to at least one of the first

and second restriction element. The hydraulic pump may
be a hydraulic pump selected from: at least one reservoir
acting as a pump by a wall of the reservoir moving, at
least one reservoir acting as a pump by changing volume,
at least one non-valve pump, at least one valve pump,
at least one peristaltic pump, at least one membrane
pump, at least one gear pump, and at least one bellows
pump.
[0008] In one embodiment, the implantable hydraulic
restriction device comprises an implantable valve mem-
ber for directing fluid from the implantable reservoir to
the first or second restriction element.
[0009] The implantable hydraulic restriction device
may further comprise at least one motor for operating at
least one of a movable wall portion and/or an implantable
pump and/or an implantable valve member. The motor
may be an electrical motor selected from: an alternating
current (AC) electrical motor, a direct current (DC) elec-
trical motor, a linear electrical motor, an axial electrical
motor, a piezo-electric motor, a three-phase motor, a
more than one-phase motor, a bimetal motor, and a mem-
ory metal motor.
[0010] According to one embodiment, the implantable
hydraulic restriction device further comprises a gear sys-
tem placed between the motor and at least one of a mov-
able wall portion, an implantable pump, and an implant-
able valve member.
[0011] According to one embodiment, the gear system
comprises an operable element, a first gear having the
shape of a hollow cylinder, comprising a first number of
teeth, on the peripheral outside thereof, and a second
gear having the shape of a hollow cylinder, comprising
a greater number of teeth than the first gear, on the inside
surface thereof. The operable element is adapted to en-
gage the inside of the first gear, such that the outside of
the first gear is pressed against the inside of the second
gear such that the teeth of the first gear are interengaged
with the teeth of the second gear in at least one position
interspaced by positions at which the teeth are not inter-
engaged, and wherein the operation of the operable el-
ement advances the positions and thereby causes rela-
tive rotation between the first gear and the second gear.
The operable element may comprise at least one of; a
planetary gear and a structure or wheel at least partly
using friction to interconnect with the first gear.
[0012] According to one embodiment, the implantable
hydraulic restriction device further comprises a threaded
member arranged to move the wall portion of the reser-
voir. The threaded member may be connected to at least
one of a motor of any of the embodiments herein, and a
gear system of any of the embodiments herein. Such that
a rotating force can be transferred to a reciprocating force
for moving a wall portion.
[0013] The implantable hydraulic restriction device
may further comprise an injection port for supplying fluid
to the reservoir.
[0014] According to one embodiment, the implantable
hydraulic restriction device further comprises a servo
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connected between the motor and at least one of the: a
movable wall portion, an implantable pump, and an im-
plantable valve member.
[0015] According to one embodiment, at least one of
the first and second restriction elements is elongated and
adapted to form a closed loop around the portion of the
luminary organ.
[0016] The hydraulic pump in any of the embodiments
herein may be a peristaltic hydraulic pump. The hydraulic
peristaltic pump may comprise a hollow member for fluid
transportation, and an operable compression member
adapted to engage and compress the hollow member,
and the compression member is in direct or indirect con-
nection with the motor such that motor operates the com-
pression member such that fluid is transported in the hol-
low member.
[0017] According to one embodiment, the hollow mem-
ber of the peristaltic pump forms a loop or part of a loop
adapted to at least partially encircle at least one of the
gear system and the motor in at least partially the same
axial plane. The motor is adapted to propel the compress-
ing member such that the compression member com-
presses the hollow member towards the outer periphery
of the loop or part of loop.
[0018] According to one embodiment, the movement
of the movable wall portion of the fluid reservoir by the
threaded member in a first direction moves fluid from the
fluid reservoir to the first hydraulic restriction element.
Movement of the movable wall portion of the fluid reser-
voir by the threaded member in a second direction moves
fluid from the fluid reservoir to the second hydraulic re-
striction element.
[0019] The implantable hydraulic restriction device
may further comprise an implantable energizing unit for
providing energy to any energy consuming components
of the device to be implanted in the patient.
[0020] According to one embodiment, the implantable
hydraulic restriction device further comprises a wireless
energy receiver, adapted to receive wireless energy from
a wireless energy transmission device transmitting wire-
less energy from outside the patient’s body to any energy
consuming implantable component and/or the implanta-
ble energizing unit.
[0021] The implantable hydraulic restriction device
may further comprise a wireless energy transmission for
wireless transfer of energy from outside the patient’s
body to any energy consuming implantable component
of the device and/or an implantable energizing unit.
[0022] The implantable hydraulic restriction device
may further comprise a first implantable fluid reservoir
and a first fluid conduit connecting the fluid reservoir to
the first restriction element, and a second implantable
fluid reservoir, a second fluid conduit connecting the sec-
ond fluid reservoir to the second restriction element. Ac-
cording to one embodiment, the second fluid reservoir
comprises a dividing part of the first reservoir.
[0023] According to one embodiment of the implanta-
ble hydraulic restriction device at the implantable first res-

ervoir comprises at least one moveable wall portion for
changing the volume of the implantable first fluid reser-
voir and thereby moving fluid from the implantable first
fluid reservoir to the first elements. According to one em-
bodiment of the implantable hydraulic restriction device,
the implantable second reservoir comprises at least one
moveable wall portion for changing the volume of the
implantable second fluid reservoir and thereby moving
fluid from the implantable second fluid reservoir to the
second elements.
[0024] The at least one moveable wall portion may be
adapted to change the volume of both the first and second
fluid reservoirs for changing the volume to; increase the
volume of the implantable first fluid reservoir, when the
volume of the implantable second fluid reservoir is de-
creasing, and increase the volume of the implantable first
fluid reservoir, when the volume of the implantable sec-
ond fluid reservoir is decreasing, thereby moving fluid.
[0025] The implantable hydraulic restriction device
may further comprise a hydraulic pump for pumping fluid
from the first implantable reservoir to the first restriction
element and/or a hydraulic pump for pumping fluid from
the second implantable reservoir to the second restriction
element, and/or a hydraulic pump for pumping fluid be-
tween the first and second implantable reservoir.
[0026] According to one embodiment, the implantable
first and second fluid reservoirs are divided by at least
one moveable piston for changing the volume of the im-
plantable fluid reservoirs and thereby increasing fluid in
the first fluid reservoir simultaneously with decreasing
fluid in the second fluid reservoir and vice versa.
[0027] The control signal in any of the embodiments
herein may be a control signal coming from outside the
body to control the device, consisting of at least one of;
a signal that overrides the automatic switching, an auto-
matic executed signal, or a programming signal to pro-
gram the terms for the automatic switching.
[0028] The control signal in any of the embodiments
herein may be a control signal generated inside the body,
to control the device, comprising at least one of; a signal
that overrides the automatic switching, an automatic ex-
ecuted signal, a measured parameter, a calculated pa-
rameter, a functional parameter of the device, a physio-
logical or physical parameter of the patient, and an input
from any sensor.
[0029] A hydraulic implantable restriction device for re-
stricting a luminary organ of a patient is provided. The
hydraulic implantable restriction device comprises a first
hydraulic restriction element adapted to restrict a first por-
tion of the luminary organ, and a second hydraulic re-
striction element adapted to restrict a second portion of
the luminary organ, and a control unit adapted to control
the first and second restriction elements for automatically
switching between restricting the first and second portion
of the luminary organ, for creating a less damaging re-
striction. The control unit is adapted to automatically
switch between restricting the first and second portion of
the luminary organ on the basis of the receipt of a control
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signal.
[0030] According to one embodiment the control signal
is a control signal coming from outside the body, consist-
ing of at least one of; a signal that overrides the automatic
switching, an automatic executed signal, or a program-
ming signal for programming the terms for the automatic
switching.
[0031] According to one embodiment, the control sig-
nal consists of a signal generated inside the body, com-
prising at least one of; a signal that overrides the auto-
matic switching, an automatic executed signal, a meas-
ured parameter, a calculated parameter, a functional pa-
rameter of the device, a physiological or physical param-
eter of the patient, and an input from any sensor.
[0032] The implantable hydraulic restriction device
may be adapted to restrict a luminary organ of the patient
selected from a list consisting of: an intestine of the pa-
tient, a blood vessel of the patient, the urethra of the
patient, the vas deference of the patient, the stomach of
the patient, the esophagus of the patient, the anal sphinc-
ter, the cardia sphincter, the urinary sphincter and/or the
oviducts of the patient.
[0033] According to one embodiment of the implanta-
ble hydraulic restriction device, the receipt of a control
signal comprises the receipt of a control signal generated
on the basis of a sensor input.
[0034] According to one embodiment, the control sig-
nal is transmitted from outside of the body of the patient.
[0035] The implantable hydraulic restriction device
may further comprise an implantable fluid reservoir and
a first fluid conduit connecting the fluid reservoir to the
first restriction element, and a second fluid conduit con-
necting the fluid reservoir to the second restriction ele-
ment.
[0036] The implantable fluid reservoir in any of the em-
bodiments herein may comprise at least one moveable
wall portion for changing the volume of the implantable
fluid reservoir and thereby move fluid from the implant-
able fluid reservoir to the first and second restriction el-
ements.
[0037] According to one embodiment, the implantable
hydraulic restriction device further comprises a hydraulic
pump for pumping fluid from the implantable reservoir to
at least one of the first and second restriction element.
[0038] The hydraulic pump may be a hydraulic pump
selected from: at least one reservoir acting as a pump
by a wall of the reservoir moving, at least one reservoir
acting as a pump by changing volume, at least one non-
valve pump, at least one valve pump, at least one peri-
staltic pump, at least one membrane pump, at least one
gear pump, and at least one bellows pump.
[0039] According to one embodiment, the implantable
hydraulic restriction device further comprises an implant-
able valve member for directing fluid from the implantable
reservoir to the first or second restriction element.
[0040] According to one embodiment, the implantable
hydraulic restriction device further comprises at least one
motor for operating at least one of: a movable wall portion,

an implantable pump, and an implantable valve member.
[0041] According to one embodiment, the motor com-
prises an electrical motor selected from: an alternating
current (AC) electrical motor, a direct current (DC) elec-
trical motor, a linear electrical motor, an axial electrical
motor, a piezo-electric motor, a three-phase motor, a
more than one-phase motor, a bimetal motor, and a mem-
ory metal motor.
[0042] According to one embodiment, the implantable
hydraulic restriction device further comprises a gear sys-
tem placed between the motor and at least one of: a
movable wall portion, an implantable pump, and an im-
plantable valve member.
[0043] The gear system of the implantable hydraulic
restriction device, in any of the embodiments herein may
comprise: an operable element, a first gear having the
shape of a hollow cylinder, comprising a first number of
teeth, on the peripheral outside thereof, and a second
gear having the shape of a hollow cylinder, comprising
a greater number of teeth than the first gear, on the inside
surface thereof. The operable element is adapted to en-
gage the inside of the first gear, such that the outside of
the first gear is pressed against the inside of the second
gear such that the teeth of the first gear are interengaged
with the teeth of the second gear in at least one position
interspaced by positions at which the teeth are not inter-
engaged. The operation of the operable element advanc-
es the positions and thereby causes relative rotation be-
tween the first gear and the second gear. The operable
element may comprise at least one of; a planetary gear
and a structure or wheel at least partly using friction to
interconnect with the first gear.
[0044] According to one embodiment, the implantable
hydraulic restriction device further comprises a threaded
member arranged to move the wall portion of the reser-
voir. The threaded member may be connected to a motor
and/or a gear system for transferring a rotating force to
a reciprocating force for moving the wall portion.
[0045] The implantable hydraulic restriction device
may further comprise an injection port for supplying fluid
to the reservoir.
[0046] According to one embodiment, the implantable
hydraulic restriction device further comprises a servo
connected between the motor and at least one of the: a
movable wall portion, an implantable pump, and an im-
plantable valve member.
[0047] According to one embodiment, at least one of
the first and second restriction elements is elongated and
adapted to form a closed loop around the portion of the
luminary organ.
[0048] The hydraulic pump in any of the embodiments
may be a peristaltic hydraulic pump comprising a hollow
member for fluid transportation, and an operable com-
pression member adapted to engage and compress the
hollow member. The compression member is in direct or
indirect connection with the motor such that motor oper-
ates the compression member such that fluid is trans-
ported in the hollow member.
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[0049] The hollow member may form a loop or part of
a loop adapted to at least partially encircle at least one
of the gear system and the motor in at least partially the
same axial plane. The motor may be adapted to propel
the compressing member such that the compression
member compresses the hollow member towards the
outer periphery of the loop or part of loop.
[0050] According to one embodiment, the movement
of the movable wall portion of the fluid reservoir by the
threaded member in a first direction moves fluid from the
fluid reservoir to the first hydraulic restriction element,
and the movement of the movable wall portion of the fluid
reservoir by the threaded member in a second direction
moves fluid from the fluid reservoir to the second hydrau-
lic restriction element.
[0051] The implantable hydraulic restriction device
may further comprise an implantable energizing unit for
providing energy to any energy consuming components
of the device to be implanted in the patient.
[0052] According to one embodiment, the implantable
hydraulic restriction device further comprises a wireless
energy receiver adapted to receive wireless energy from
a wireless energy transmission device transmitting wire-
less energy from outside the patient’s body to any energy
consuming implantable component of the device and/or
the implantable energizing unit.
[0053] According to one embodiment, the implantable
hydraulic restriction device comprises a wireless energy
transmission for wireless transfer of energy from outside
the patient’s body to any energy consuming implantable
component of the device and/or to the implantable ener-
gizing unit.
[0054] The implantable hydraulic restriction device
may further comprise a first implantable fluid reservoir
and a first fluid conduit connecting the fluid reservoir to
the first restriction element, and a second implantable
fluid reservoir, a second fluid conduit connecting the sec-
ond fluid reservoir to the second restriction element. The
second fluid reservoir may comprise a dividing part of
the first reservoir.
[0055] According to one embodiment, the implantable
first reservoir comprises at least one moveable wall por-
tion for changing the volume of the implantable first fluid
reservoir and thereby moving fluid from the implantable
first fluid reservoir to the first elements.
[0056] According to one embodiment, the implantable
second reservoir comprises at least one moveable wall
portion for changing the volume of the implantable sec-
ond fluid reservoir and thereby moving fluid from the im-
plantable second fluid reservoir to the second elements.
[0057] The at least one moveable wall portion may be
adapted to change the volume of both the first and second
fluid reservoirs for changing the volume to; increase the
volume of the implantable first fluid reservoir, when the
volume of the implantable second fluid reservoir is de-
creasing, and increase the volume of the implantable first
fluid reservoir, when the volume of the implantable sec-
ond fluid reservoir is decreasing, thereby moving fluid.

[0058] According to one embodiment. the implantable
hydraulic restriction device further comprises at least one
of; a hydraulic pump, for pumping fluid from the first im-
plantable reservoir to the first restriction element, a hy-
draulic pump, for pumping fluid from the second implant-
able reservoir to the second restriction element, and a
hydraulic pump, for pumping fluid between the first and
second implantable reservoir.
[0059] According to one embodiment, the implantable
first and second fluid reservoirs may be divided by at
least one moveable piston for changing the volume of
the implantable fluid reservoirs and thereby increasing
fluid in the first fluid reservoir simultaneously with de-
creasing fluid in the second fluid reservoir and vice versa.
[0060] The energizing the restriction device the device
could further comprise a wireless energy receiver receiv-
ing energy by at least one wireless energy signal, such
as a wave signal, e.g. a sound wave signals, ultrasound
wave signals, electromagnetic wave signals, infrared
light signals, visible light signals, ultra violet light signals,
laser light signals, micro wave signals, radio wave sig-
nals, x-ray radiation signals and a gamma radiation sig-
nals. The wireless energy signal could further comprise
an electric or magnetic field, or a combined electric and
magnetic field.
[0061] According to yet another embodiment the de-
vice comprises an energizing unit adapted to power the
device, which could comprise an internal energy source
which in turn could be adapted to receive energy from
an external energy source transmitting energy in a wire-
less mode. The internal energy source could further com-
prise an accumulator, at least one voltage level guard
and/or at least one constant current guard. The device
could further comprise an energy-transforming device
adapted to transform energy from a first form into a sec-
ond form.
[0062] Some of the embodiments of the present inven-
tion relates to an anal incontinence treatment apparatus
for treatment of a patient, who suffers from anal inconti-
nence, or a treatment apparatus for stoma patients com-
prising an adjustable restriction device implantable in the
patient for engaging a portion of; the anus, colon or rec-
tum of the patient to restrict a faecal passageway therein
or an intestinal stoma, the large or small intestine, and
an operable adjustment device implantable in the patient
for adjusting the restriction device to change the restric-
tion of the faecal passageway or the intestinal stoma.
The restriction device as being referred to in the whole
document have the definition as follows: The restriction
device: is a device comprising two restriction devices that
automatically switch the restriction between themselves.
[0063] What is referred to as presenting anal inconti-
nence will in every applicable way also apply to the in-
testinal stoma. Even other type of stoma for example
such as stomach, urine bladder etc will also apply to the
presentation herein.
[0064] Furthermore, the anal incontinence treatment
apparatus is used as an example product and the treat-
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ment usage options referred to herein as well as any
other possible application inside the body, will in any ap-
plicable way also apply to all these alternatives. In this
case we focus on both mechanical and hydraulic restric-
tion devices , however, with main focus on mechanical
solutions as an example for all other threatment fields
and embodiments.
[0065] Anal incontinence is a wide-spread disease.
Several kinds of sphincter plastic surgery are used today
to remedy anal incontinence. There is a prior manually
operated sphincter system in an initial clinical trial phase
where a hydraulic sphincter system connected to an elas-
tic reservoir (balloon) placed in the scrotum is developed.
A disadvantage of this system is that thick, hard fibrosis
is created around the reservoir by pump movements
making the system useless sooner or later. Another dis-
advantage is that the use of hydraulic fluid always entails
a risk of fluid leaking from the implanted hydraulic system.
[0066] A prime object of the present invention is to pro-
vide an anal incontinence treatment apparatus in which
the risk of liquid leaking from hydraulic components of
the apparatus implanted in the patient’s body is substan-
tially reduced or completely eliminated.
[0067] A further object of the invention is to provide an
anal incontinence or stoma treatment apparatus, which
does not require a manual manipulation of a combined
reservoir and pump mechanism implanted in the scrotum
or labia majora region of the patient.
[0068] These objects are obtained by an apparatus of
the kind stated initially characterised in that the adjust-
ment device is adapted to mechanically adjust the re-
striction device.
[0069] The adjustment device may be non-manually
operated, i.e. the adjustment device may be operated by
any powered operation device, not manipulated by touch-
ing the skin of the patient. Preferably, the adjustment
device is adapted to adjust the restriction device in a non-
invasive manner.
[0070] The adjustment device may adjust the restric-
tion device device in a non-thermal manner or in a non-
magnetic manner, i.e. magnetic forces may not be in-
volved when adjusting the restriction device.
[0071] The restriction device preferably is adapted to
control, suitably steplessly, the cross-sectional area of
the faecal passageway, i.e. to open and close the faecal
passageway.
[0072] In the various embodiments hereinafter de-
scribed the restriction device generally forms an at least
substantially closed loop. However, the restriction device
may take a variety of different shapes, such as the shape
of a square, rectangle or ellipse. The substantially closed
loop could for example be totally flat, i.e. thin as seen in
the radial direction. The shape of restriction device may
also be changed during use, by rotation or movements
of the restriction device in any direction.
[0073] A physical lumen, like the small intestine, anal
channel colon or rectum, is often easier to restrict by con-
tracting at least two opposite or different side walls of the

lumen against each other. The expression "colon or rec-
tum should be understood to mean the rectum extended
all the way out to the anal sphincter and following the
passage of the large intestine in the other direction.
[0074] The restriction device may comprise an adjust-
able cuff, a clamp or a roller for bending the colon or
rectum to restrict the faecal passageway therein. Such
a cuff, clamp or roller may also be utilized for squeezing
the colon or rectum against human material inside the
body of the patient for an example the sacral bone of the
patient.
[0075] Preferably, the restriction device comprises an
elongated restriction member and forming means for
forming the restriction member into at least a substan-
tially closed loop around the portion of the colon or rec-
tum, wherein the loop defines a restriction opening,
whereby the adjustment device adjusts the restriction
member in the loop to change the size of the restriction
opening.
[0076] The restriction device may be designed for im-
plantation in the abdomen or retroperitoneum of the pa-
tient and preferably may engage the colon or rectum.
[0077] The adjustment device may be incorporated in
the restriction device as well as controlled by hydraulic
means.
[0078] In accordance with a preferred first adjustment
principle, the adjustment device mechanically adjusts the
longitudinal extension of the elongated restriction mem-
ber in a loop form.
[0079] In a preferred embodiment of the invention uti-
lizing the first adjustment principle, the restriction mem-
ber comprises a main portion and two elongated end por-
tions, and the adjustment device establishes longitudinal
relative displacement between the end portions of the
restriction member, so that the size of the restriction
opening is adjusted. The forming means may comprise
any suitable known or conventional device capable of
practising the desired function, such as a spring material
forming the elongated restriction member into the loop,
so that the restriction opening has a predetermined size,
and the adjustment device may adjust the restriction
member against the spring action of the spring material.
In other words, the restriction member may comprise a
spring clip. The spring material may be integrated in the
restriction member.
[0080] Preferably, the adjustment device comprises a
movement transferring member, suitably a drive wheel,
in engagement with at least one of the end portions of
the restriction member and operable to displace the one
end portion relative to the other end portion of the restric-
tion member. The drive wheel may advantageously be
in engagement with both of the end portions of the re-
striction member and be operable to displace said end
portions relative to each other. An elongated flexible drive
shaft may be operatively connected to the drive wheel,
for transferring manual or motor generated power from
a location remote from the restriction member. In its sim-
plest embodiment, the drive wheel may comprise a pulley
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in frictional engagement with the restriction member. As
an alternative, a gear rack may be formed on at least one
of the end portions of the restriction member and the
drive wheel may comprise a gear wheel in mesh with the
gear rack. Other suitable known or conventional mech-
anisms may also or alternatively be used as the adjust-
ment device.
[0081] The movement transferring member may alter-
natively comprise at least one cylinder and a piston,
which is movable therein and is connected to one of the
end portions of the restriction member, the piston being
operable to longitudinally displace the one end portion
of the restriction member relative to the other end portion
of the restriction member. Alternatively, the movement
transferring means may comprise two interconnected
cylinders and two pistons in the respective cylinders con-
nected to said end portions, respectively, of the restriction
member, the pistons being operable to longitudinally dis-
place the end portions of the restriction member relative
to each other. Other known or conventional devices also
or alternatively can be used as the movement transferring
member.
[0082] A motor, which is fixed relative to the main por-
tion of the restriction member and has a rotating drive
shaft operatively connected to the movement transferring
member, may be positioned relative to the elongated re-
striction member such that the drive shaft extends trans-
verse thereto. Alternatively, the motor may be positioned
relative to the elongated restriction member such that the
drive shaft extends substantially tangentially to the loop
of the restriction member.
[0083] In another embodiment of the invention utilizing
the first adjustment principle, the elongated restriction
member is longitudinally resilient and the adjustment de-
vice comprises a contraction device for longitudinally
contracting the resilient restriction member. Preferably,
the elongated restriction member comprises a substan-
tially nonresilient main portion and an end portion forming
an elongated helical spring, which is contractible by the
contraction device. The contraction device may suitably
comprise an elongated flexible pulling member connect-
ed to the main portion of the restriction member and ex-
tending through the helical spring to contract the helical
spring against an arresting member, which is fixed rela-
tive to the main portion of the restriction member. The
pulling member may extend in an elongated tube joined
at one end thereof to the arresting member, so that a
motor remote from the restriction member may be at-
tached to the other end of the elongated tube and pulls
the pulling member through the tube to contract the hel-
ical spring.
[0084] In yet another embodiment of the invention uti-
lizing the first adjustment principle, the elongated restric-
tion member comprises an elongated helical spring hav-
ing a free end, and a body to which the spring is nonro-
tatably secured at its opposite end. The adjustment de-
vice rotates the helical spring in one direction to enlarge
the coils of the helical spring to longitudinally contract the

spring and to rotate the spring in the opposite direction
to reduce the size of the coils of the spring to longitudinally
extend the spring. As a preferred alternative, the restric-
tion member comprises a further elongated helical spring
having a free end and nonrotatably secured to the body
at its opposite end, and the adjustment device comprises
a drive shaft having two opposite end portions connected
to the springs, respectively, at their free ends, the helical
coils forming left and right hand helices, respectively. The
adjustment device may alternatively comprise a gearing
having an input shaft and two opposite aligned output
shafts connected to the helical springs, respectively, at
their free ends, the input shaft being connected to said
output shafts so that the output shafts rotate in the op-
posite directions upon rotation of the input shaft, the hel-
ical coils forming the same helices.
[0085] In accordance with a second adjustment prin-
ciple, the adjustment device mechanically adjusts the re-
striction member so that at least a portion of a radially
innermost circumferential confinement surface formed
by the restriction member is substantially radially dis-
placed.
[0086] In one embodiment of the invention utilizing the
second adjustment principle, the restriction member
comprises an elongated voltage responsive element
forming part of the confinement surface and capable of
bending into a bow in response to a voltage applied
across the element, the radius of curvature of the bow
being adjustable by changing the level of the voltage.
[0087] In another embodiment of the invention utilizing
the second adjustment principle, the adjustment device
changes the diameter of an elastic annular element of
the restriction member, which forms the confinement sur-
face. Preferably, the forming means comprises a sub-
stantially rigid outer annular element coaxially surround-
ing the elastic annular element, and the adjustment de-
vice comprises means for pulling the elastic annular el-
ement radially outwardly towards the outer annular ele-
ment to expand the elastic annular element. For example,
the pulling means may comprise a plurality of threads
secured to the elastic annular element along the circum-
ference thereof and running from the elastic annular el-
ement via guide members attached to the outer annular
element.
[0088] In yet another embodiment of the invention uti-
lizing the second adjustment principle, the forming
means comprises a substantially rigid outer annular el-
ement, and the restriction member comprises an elon-
gated helical spring extending internally along the outer
annular element and contacting the latter. The helical
spring forms part of the circumferential confinement sur-
face and has a free end. The restriction member further
comprises a body to which the spring is nonrotatably se-
cured at its opposite end. The adjustment device rotates
the helical spring in one direction to enlarge the coils of
the spring to contract the circumferential confinement
surface and rotates the spring in the opposite direction
to reduce the size of the coils of the spring to expand the
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circumferential confinement surface. As an alternative,
which is preferred, the restriction member comprises two
elongated helical springs forming part of the circumfer-
ential confinement surface and connected to the body of
the restriction member. The adjustment device rotates
each spring in one direction to enlarge the coils of the
spring to contract the circumferential confinement sur-
face and rotates the spring in the opposite direction to
reduce the size of the coils of the spring to expand the
circumferential confinement surface.
[0089] In accordance with a third adjustment principle,
the restriction member comprises at least two separate
elements, at least one of which is pivoted so that it may
turn in a plane in which the the restriction member ex-
tends, and the adjustment device turns the pivoted ele-
ment to change the size of the restriction opening. Pref-
erably, the restriction member comprises a plurality of
separate pivoted elements disposed in series, each piv-
oted element being pivoted in the plane, and the adjust-
ment device turns all of the pivoted elements to change
the size of the restriction opening. For example, the piv-
oted elements may comprise lamellae arranged like the
conventional adjustable aperture mechanism of a cam-
era.
[0090] In accordance with a fourth adjustment princi-
ple, the adjustment device folds at least two foldable
frame elements of the restriction member towards each
other. Preferably, the foldable frame elements comprise
two substantially or partly semi-circular frame elements
which are hinged together so that the semi-circular ele-
ments are swingable relative to each other from a fully
open state in which they form part of a circle to a fully
folded state in which they form part of a semi-circle. The
same principal may be used with the swingable parts
mounted together in one end and not in the other end.
Alternatively, the restriction device may comprises two
preferable rigid articulated clamping elements positioned
on opposite or different sides of the colon or rectum, and
the adjustment device turns the clamping elements to-
ward each other to clamp the colon or rectum between
the clamping elements, thereby restricting the faecal pas-
sageway in the colon or rectum.
[0091] In accordance with a fifth adjustment principle,
the adjustment device turns the restriction member
around a longitudinal extension thereof, the elongated
restriction member being elastic and varying in thickness
as seen in a cross-section therethrough. Suitably, the
elongated restriction member comprises an elastic belt.
[0092] In accordance with a sixth adjustment principle,
the adjustment device changes the size of the restriction
opening such that the outer circumferential confinement
surface of the restriction member is changed.
[0093] In accordance with a seventh adjustment prin-
ciple, the adjustment device changes the size of the re-
striction opening such that the outer circumferential con-
finement surface of the restriction member is unchanged.
[0094] In accordance with an eighth adjustment prin-
ciple, the elongated restriction member may be flexible,

and the adjustment device pulls a first portion of the flex-
ible restriction member from a second portion of the flex-
ible restriction member opposite the first portion in the
loop to squeeze the colon or rectum between the opposite
lengths of the elongated flexible restriction member to
restrict the faecal passageway in the colon or rectum.
[0095] In accordance with a ninth adjustment principle,
the restriction device comprises at least two elements on
opposite or different sides of the colon or rectum, and
the adjustment device decreases the distance between
the elements to squeeze the colon or rectum between
the elements, thereby restricting the faecal passageway
in the colon or rectum. It is also possible to use only one
element and squeeze the colon or rectum against human
bone or tissue. The elements above may as well as all
the restriction members mentioned in this application be
everything from rigid to soft.
[0096] In accordance with a tenth adjustment principle,
the restriction device bends or rotates a portion of colon
or rectum to restrict the faecal passageway in the same.
For example, the restriction device may comprise at least
two bending members, such as cylindrical or hour-glass
shaped rollers, positioned on opposite or different sides
of the colon or rectum and displaced relative to each other
along the colon or rectum, and the adjustment device
may move the bending members against the colon or
rectum to bend it to restrict the faecal passageway in the
colon or rectum. Suitably, the displacement members
may comprise rollers. The restriction device may also
rotate a portion of the colon or rectum. The bending or
rotating members may have any shape or form and be
either hydraulic or non-inflatable.
[0097] Alternetively, the two bending members one
placed more distal than the other may be rotated in op-
posite direction relative to each other. With interconnect-
ing material for example flexible bands between the hold-
ing members a restriction will occur between the bending
members when they are rotated.
[0098] The restriction device may in all applicable em-
bodiments take any shape and be either hydraulic or non-
inflatable.
[0099] In all of the above-described embodiments of
the invention the adjustment device is conveniently op-
erated by an operation device, which may comprise a
servo means and/or a motor, preferably a reversible elec-
tric motor. The motor may be fixed directly to or be placed
in association with the restriction device, or alternatively
be located remote from the restriction device, advanta-
geously in the abdomen or pelvic region or subcutane-
ously or in the retroperitoneum of the patient. In the latter
alternative the motor is advantageously connected to the
adjustment device by a flexible power transmission con-
duit to permit a suitable positioning of the motor in the
abdomen of the patient. The motor may be manually ac-
tivatable, for example by an implanted switch.
[0100] In some of the above described embodiments
of the invention, however, the adjustment device may
conveniently be operable by a hydraulic operation de-
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vice, which preferably is manually activatable. The hy-
draulic operation device may advantageously include a
hydraulic servo to facilitate manual activation. As an al-
ternative, the hydraulic operation device may be powered
by an electric motor, which may be manually activatable
or controlled by remote control means. The components
of such a hydraulic operation device may be placed in
association with the restriction device and/or be located
at a suitable place in the abdomen or be implanted sub-
cutaneously.
[0101] More specifically, a reservoir may be provided
containing a predetermined amount of fluid for supplying
the hydraulic operation device with fluid. The reservoir
defines a chamber for the predetermined amount of fluid
and the hydraulic operation device changes the volume
of the chamber. The hydraulic operation device may com-
prise first and second wall portions of the reservoir, which
are displaceable relative to each other to change the vol-
ume of the chamber of the reservoir. The first and second
wall portions of the reservoir may be designed to be dis-
placeable relative to each other by manual manipulation
thereof, preferably to permit manual pushing, pulling or
rotation of any of the wall portions in one direction. Alter-
natively, the wall portions may be displaceable relative
to each other by magnetic means (such as a permanent
magnet and magnetic material reed switch, or other
known or conventional magnetic devices), hydraulic
means or electrical control means such as an electric
motor. The magnetic means, hydraulic means, or elec-
trical control means may all be activated by manual ma-
nipulation, preferably using a subcutaneously located
manually manipulatable means. This control may be in-
direct, for example via a switch.
[0102] The hydraulic operation device may operate the
adjustment device with fluid from the reservoir in re-
sponse to a predetermined first displacement of the first
wall portion of the reservoir relative to the second wall
portion of the reservoir, to adjust the restriction device to
open the faecal passageway, and to operate the adjust-
ment device with fluid from the reservoir in response to
a predetermined second displacement of the first wall
portion of the reservoir relative to the second wall portion
of the reservoir, to adjust the restriction device to close
the faecal passageway. In this embodiment, no pump is
used, only the volume of the reservoir is varied. This is
of great advantage compared to the solution described
below when a pump is used to pump fluid between the
reservoir and the adjustment device because there is no
need for a non-return valve and it is still possible to have
fluid going both to and from the reservoir.
[0103] As an alternative, the hydraulic operation
means may comprise a pump for pumping fluid between
the reservoir and the adjustment device. The pump may
pump fluid both to and away from the adjustment device.
A mechanical manual solution is proposed in which it is
possible to pump in both directions just by pushing an
activating member in one direction. Another alternative
is a pump pumping in only one direction and an adjustable

valve to change the direction of fluid to either increase
or decrease the amount of fluid in the reservoir. This valve
may be manipulated manually, mechanically, electrically,
magnetically, or hydraulically. Any kind of motor could of
course be used for all the different operations as well as
wireless remote solutions. The pump may comprise a
first activation member for activating the pump to pump
fluid from the reservoir to the adjustment device and a
second activation member for activating the pump to
pump fluid from the adjustment device to the reservoir.
The activation members may be operable by manual ma-
nipulation, preferably to permit manual pushing, pulling
or rotating thereof in one direction. Suitably, at least one
of the activation members is adapted to operate when
subjected to an external pressure exceeding a predeter-
mined magnitude.
[0104] Alternatively, at least one of the first and second
activating members may be operable by magnetic
means, hydraulic means or electrical control means such
as an electric motor. The magnetic means, hydraulic
means, or electrical control means may all be activated
by manual manipulating means preferably located sub-
cutaneously. This activation may be indirect, for example
via a switch.
[0105] Advantageously, especially when manual ma-
nipulation means are used, a servo means could be used.
With servo means less force is needed for operating the
adjustment device. The term "servo means" encompass-
es the normal definition of a servo mechanism, i.e. an
automatic device that controls large amounts of power
by means of very small amounts of power, but may al-
ternatively or additionally encompass the definition of a
mechanism that transfers a weak force acting on a mov-
ing element having a long stroke into a strong force acting
on another moving element having a short stroke. The
servo means may comprise a motor, preferably an elec-
tric motor, which may be reversible.
[0106] Alternatively, a reverse servo may be em-
ployed. The term "reverse servo" is to be understood as
a mechanism that transfers a strong force acting on a
moving element having a short stroke into a weak force
acting on another moving element having a long stroke;
i.e. the opposite function of the above-defined alternative
mechanism of a normal servo mechanism. A first closed
hydraulic system that controls another closed hydraulic
system in which hydraulic means of the adjustment de-
vice is incorporated may be used. Minor changes in the
amount of fluid in a smaller reservoir of the first system
could then be transferred by the reverse servo into major
changes in the amount of fluid in a larger reservoir in the
second system. In consequence, the change of volume
in the larger reservoir of the second system affects the
hydraulic means of the adjustment device. For example,
a short stroke that decreases the volume of the smaller
reservoir will cause the larger reservoir to supply the ad-
justment device with a large amount of hydraulic fluid,
which in turn results in a long mechanical adjustment
stroke on the restriction device. The great advantage of
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using such a reverse servo is that the larger volume sys-
tem could be placed inside the abdomen or retroperito-
neum where there is more space and still it would be
possible to use manual manipulation means of the small-
er system subcutaneously. The smaller reservoir could
be controlled directly or indirectly by a fluid supply means.
The fluid supply means may include another small res-
ervoir, which may be placed subcutaneously and may be
activated by manual manipulation means. Both the servo
and reverse servo may be used in connection with all of
the various components and solutions described in the
present specification.
[0107] Preferably, the reverse servo comprises hy-
draulic means and a main fluid supply reservoir and even-
tually an additional fluid supply reservoir. Both reservoirs
define a chamber containing hydraulic fluid, and the hy-
draulic means comprises first and second wall portions
of the main fluid supply reservoir, which are displaceable
relative to each other to change the volume of the cham-
ber of the main fluid supply reservoir. The hydraulic
means may control the adjustment device indirectly, e.g.
via an increased amount of fluid in the main fluid supply
reservoir, in response to a predetermined first displace-
ment of the first wall portion of any of the reservoirs rel-
ative to the second wall portion of the reservoir to close
the faecal passageway, and to control the adjustment
device in response to a second displacement of the first
wall portion of any reservoir relative to the second wall
portion, to indirectly adjust the restriction device to open
the faecal passageway. The wall portions of the reser-
voirs may be designed to be displaceable relative to each
other by manual manipulation thereof or be displaceable
relative to each other by manually pushing, pulling or
rotating any of the wall portions of the reservoir in one
direction. Alternatively, the wall portions of the main fluid
supply reservoir may be displaceable relative to each
other by magnetic means, hydraulic means or electric
control means including an electric motor.
[0108] The magnetic means, hydraulic means, or elec-
trical control means may all be activated by manually
manipulated means preferably located subcutaneously.
This control may be indirect for example via a switch.
[0109] Even in the broadest embodiment of the inven-
tion the adjustment device may comprise a servo means.
The servo means may comprise a hydraulic operation
means, an electrical control means, a magnetic means,
mechanical means or a manual manipulation means. The
hydraulic operation means, electrical control means, me-
chanical means or magnetic means may be activated by
manual manipulating means. Using a servo system will
save the use of force when adjusting the adjustment de-
vice, which may be of importance in many applications,
for example when a battery cannot put out enough current
although the total energy in the battery is more than
enough to power the system.
[0110] In accordance with a preferred embodiment of
the invention, the apparatus comprises implantable elec-
trical components including at least one, or only one sin-

gle voltage level guard and a capacitor or accumulator,
wherein the charge and discharge of the capacitor or
accumulator is controlled by use of the voltage level
guard. As a result, there is no need for any implanted
current detector and/or charge level detector for the con-
trol of the capacitor, which makes the apparatus simple
and reliable.
[0111] All solutions may be controlled by a wireless
remote control for controlling the adjustment device. The
remote control may advantageously be capable of ob-
taining information related to the faecal passageway or
the pressure against the restriction device or colon or
rectum or other important physical parameters and of
commanding the adjustment device to adjust the restric-
tion device in response to obtained information. With the
wireless remote control the apparatus of the invention is
conveniently controlled by the patient when he so de-
sires, which is of great advantage compared to the prior
art procedures. With the remote control the apparatus of
the invention is conveniently controlled to adjust the im-
planted restriction device to release the faecal passage-
way when the patient wants to relieve himself or herself.
[0112] The apparatus may further comprise a pressure
sensor for directly or indirectly sensing the pressure
against the restriction device and the restriction device
may control the blood flow in response to signals from
the pressure sensor. The pressure sensor may be any
suitable known or conventional pressure sensor such as
shown in U.S. patents 5540731, 4846181, 4738267,
4571749, 4407296 or 3939823; or an NPC-102 Medical
Angioplasty Sensor. The adjustment device preferaby
non-invasively adjusts the restriction device to change
the size of the cross-sectional area.
[0113] The adjustment device and/or other energy
consuming components of the apparatus may be ener-
gised with wirelessly transmitted energy from outside the
patient’s body or be powered by an implanted battery or
accumulator.
[0114] The apparatus may further comprise an im-
planted energy transforming device for transferring wire-
less energy directly or indirectly into kinetic energy for
operation of the restriction device. The energy transform-
ing device may, preferably directly, transform the wire-
less energy in the form of sound waves into electric en-
ergy for operation of the restriction device. Suitably the
energy transforming device comprises a capacitor adapt-
ed to produce electric pulses from the transformed elec-
tric energy.
[0115] The apparatus of the invention may further com-
prise an energy transfer means for wireless transfer of
energy from outside the patient’s body to the adjustment
device and/or other energy consuming implantable com-
ponents of the apparatus. The energy transfer means
may be adapted to intermittently transfer the energy, pref-
erably electric energy, in the form of a train of energy
pulses for direct use in connection with the energising of
the energy consuming components of the apparatus. An
implanted capacitor having a capacity less than 0,1 mF
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may be used for producing the train of energy pulses.
[0116] A motor may be implanted for operating the ad-
justment device, wherein the energy transfer means is
adapted to directly power the motor with transferred en-
ergy. Alternatively, or in combination with the motor, a
pump may be implanted for operating the adjustment de-
vice, wherein the energy transfer means is adapted to
transfer wireless energy in the form of electromagnetic
waves for direct power of the pump. Preferably, the pump
is not a plunger type of pump, but may comprise a peri-
staltic or membrane pump.
[0117] The energy transfer means preferably transfers
wireless energy in the form of electromagnetic waves.
However, for safety radio waves may be excluded.
[0118] Alternatively, the energy transferred by the en-
ergy transfer means may comprise an electric field or a
magnetic field.
[0119] Most preferred, the energy transferred by the
energy transfer means comprises a signal.
[0120] Preferably, the wireless remote control com-
prises a separate signal transmitter or receiver and a
signal receiver or transmitter implanted in the patient. For
example, the signal transmitter and signal receiver may
transmit and receive a signal in the form of digital pulses,
which may comprise a magnetic or electric field. Alter-
natively, which is preferred, the signal transmitter and
signal receiver may transmit and receive an electromag-
netic wave signal, a sound wave signal or a carrier wave
signal for a remote control signal. The receiver may com-
prise an implanted control unit for controlling the adjust-
ment device in response to a control signal from the signal
transmitter.
[0121] The apparatus of the invention may further com-
prise an implanted energiser unit for providing energy to
energy consuming implanted components of the appa-
ratus, such as electronic circuits and/or a motor for op-
erating the adjustment device. The apparatus may com-
prise an external energy transmitter for transmitting wire-
less energy, wherein the energiser unit is adapted to
transform the wireless energy into electric energy. An
implanted electric motor may operate the adjustment de-
vice and the energiser unit may be adapted to power the
electric motor with the electric energy transformed from
the wireless energy.
[0122] The energiser unit may comprise a battery and
a switch operable by the wireless energy transmitted by
the external transmitter, for connecting the battery to the
implanted energy consuming components of the appa-
ratus in an "on" mode when the switch is powered by the
wireless energy and to keep the battery disconnected
from the energy consuming components in a "standby"
mode when the switch is not powered.
[0123] The control unit may power such an implanted
motor with energy provided by the energiser unit in re-
sponse to a control signal received from the signal trans-
mitter. Any known or conventional signal transmitter or
signal receiver that is suitable for use with a human or
mammal patient may be provided as the signal transmit-

ter or signal receiver of the invention.
[0124] Generally, all of the above signals may com-
prise electromagnetic waves, such as infrared light, vis-
ible light, laser light, micro waves, or sound waves, such
as ultrasonic waves or infrasonic waves, or any other
type of wave signals. The signals may also comprise
electric or magnetic fields, or pulses. All of the above-
mentioned signals may comprise digital signals. The sig-
nals may be carried by a carrier wave signal, which in an
alternative embodiment may be the same signal as the
wireless energy signal. Preferably a digital control signal
may be carried by an electromagnetic wave signal. The
carrier wave or control signal may be amplitude or fre-
quency modulated.
[0125] The motor may be any type of motor, such as
a pneumatic, hydraulic or electric motor and the energiser
unit may power the motor with pressurized gas or liquid,
or electric energy, depending on the type of motor. Where
the motor is an electric motor, it may power pneumatic
or hydraulic equipment.
[0126] The energiser unit may comprise a power sup-
ply and the control unit may power the motor with energy
from the power supply. Preferably, the power supply is
an electric power supply, such as a battery, and the motor
is an electric motor. In this case, the battery also contin-
uously powers at least part of the circuitry of the signal
receiver in a standby mode between the adjustments, in
order to keep the signal receiver prepared for receiving
signals transmitted from the signal transmitter.
[0127] The energiser unit may transform energy from
the control signal, as the control signal is transmitted to
the signal receiver, into electric energy for powering the
implanted electronic components. For example, the en-
ergiser unit may transform the energy from the control
signal into a direct or alternating current.
[0128] In case there is an implanted electric motor for
operating the adjustment device the energiser unit may
also power the motor with the transformed energy. Ad-
vantageously, the control unit directly powers the electric
motor with electric energy, as the energiser unit trans-
forms the signal energy into the electric energy. This em-
bodiment is particularly simple and does not require any
recurrent invasive measures for exchanging empty pow-
er supplies, such as batteries, that is required in the first
embodiment described above. The motor may also be
directly powered with wirelessly transmitted electromag-
netic or magnetic energy in the form of signals, as the
energy is transmitted. All the various functions of the mo-
tor and associated components described in the present
specification may be used where applicable.
[0129] For adjustment devices of the type that requires
more, but still relatively low, power for its operation, the
energiser unit may comprise a rechargeable electric pow-
er supply for storing the electric energy obtained and the
control unit may power the electric motor with energy
from the rechargeable electric power supply in response
to a control signal received from the signal transmitter.
In this case, the rechargeable power supply can be
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charged over a relatively long time (e.g. a few seconds
up to a half hour) without powering the electric motor.
[0130] The electric power supply suitably comprises
an inexpensive simple capacitor. In this case, the electric
motor may be a stepping motor. In all embodiments the
motor may preferably be able to perform a reversing func-
tion.
[0131] The signal transmitter may transmit an electro-
magnetic signal and the energiser unit may draw radiant
energy from the electromagnetic wave signal, as the lat-
ter is transmitted to the signal receiver, and transform
the radiant energy into electric energy.
[0132] Alternatively, the energiser unit may comprise
a battery or an accumulator, an electrically operable
switch adapted to connect the battery to the signal re-
ceiver in an on mode when the switch is powered and to
keep the battery disconnected from the signal receiver
in a standby mode when the switch is unpowered, and a
rechargeable electric power supply for powering the
switch. The control unit may power the electric motor with
energy from the battery in response to a control signal
received from the signal transmitter, when the switch is
in its on mode. Advantageously, the energiser unit may
transform wave energy from the control signal, as the
latter is transmitted to the signal receiver, into a current
for charging the rechargeable electric power supply,
which suitably is a capacitor. Energy from the power sup-
ply is then used to change the switch from off (standby
mode) to on. This embodiment is suited for adjustment
devices of the type that require relatively high power for
their operation and has the advantage that the electronic
circuitry of the signal receiver does not have to be pow-
ered by the battery between adjustments. As a result,
the life-time of the battery can be significantly prolonged.
The switch may be switched with magnetic, manual or
electric energy.
[0133] As an example, the signal transmitter may
transmit an electromagnetic wave signal and the ener-
giser unit may draw radiant energy from the electromag-
netic wave signal, as this is transmitted to the signal re-
ceiver, and may transform the radiant energy into said
current. The energiser unit suitably comprises a coil of
the signal receiver for inducing an alternating current as
the electromagnetic wave signal is transmitted through
the coil and a rectifier for rectifying the alternating current.
The rectified current is used for charging the rechargea-
ble power source.
[0134] Alternatively, the signal transmitter and receiver
may solely be used for a control signal and a further pair
of signal transmitter and receiver may be provided for
transferring signal energy to implanted components. By
such a double system of signal transmitters and receivers
the advantage is obtained that the two systems can be
designed optimally for their respective purposes, namely
to transmit a control signal and to transfer energy from
an energy signal. Accordingly, the apparatus may further
comprise an external energy transmitter for transmitting
wireless energy, wherein the energiser unit comprises a

battery and an operable switch for connecting the battery
to the signal receiver in an on mode when the switch is
powered and for keeping the battery disconnected from
the signal receiver in a standby mode when the switch
is unpowered, and the external energy transmitter pow-
ers the switch. Suitably, the energy transmitter may di-
rectly power the switch with the wireless energy to switch
into the on mode. As should be realized by a skilled per-
son, in many of the above-described embodiments of the
invention the adjustment device may be operated by con-
trol means or manual manipulation means implanted un-
der the skin of the patient, such as a pump, an electrical
switch or a mechanical movement transferring means.
In the manual embodiment it is not necessary to use a
motor for operating the adjustment device.
[0135] In embodiments including hydraulic transmis-
sion means, an injection port connected to the hydraulic
means may be provided for enabling, normally single,
once-and-for-all, calibration of the amount of fluid in the
hydraulic system.
[0136] In all embodiments a motor may be operatively
connected to the adjustment device. A reversing device
may be implanted in the patient for reversing the motor.
[0137] The adjustment device may be adapted to hy-
draulically adjust the restriction device by using hydraulic
means which is devoid of hydraulic fluid of the kind having
a viscosity that substantially increases when exposed to
heat or a magnetic field, i.e. the hydraulic fluid would not
become more viscous when exposed to heat or influ-
enced by magnetic forces.
[0138] A pressure sensor may be used to directly or
indirectly sense the pressure against the restriction de-
vice or the colon or rectum to avoid occurrence of necro-
sis of the human tissue. The restriction device may be
controlled in response to signals from the pressure sen-
sor. The motor which preferably is used to adjust the
restriction device must then be capable of performing a
reversible function, that is to say, be capable of reversing
the driving direction of the motor.
[0139] Preferably the adjustment device is directly en-
ergised with wirelessly transmitted energy from outside
the patient’s body. The implanted energy transforming
device transforms wireless energy directly or indirectly
into kinetic energy for operation of the restriction device.
In accordance with another embodiment it would also be
possible to use an implanted accumulator or battery and
control this implanted energy source from outside the
patient’s body to supply energy to the adjustment device
or other energy consuming parts of the implanted appa-
ratus.
[0140] All the above-described various components,
such as the motor, pump and capacitor, may be com-
bined in the different embodiments where applicable. Al-
so the various functions described in connection with the
above embodiments of the invention may be used in dif-
ferent applications, where applicable.
[0141] The invention also provides a method for treat-
ing a patient suffering from anal incontinence or stoma
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surgery comprising surgically implanting in the body of
the patient an adjustable restriction device which directly
engages the intestine, anal channel, colon or rectum of
the patient like an artificial sphincter around the faecal
passageway or stoma therein, normally closed, and
when desired, mechanically adjusting the restriction de-
vice to temporarily open the faecal passageway or stoma.
The restriction device will automatically switch between
the two restriction devices comprised by the defined re-
striction device.
[0142] The adjustable restriction device preferably is
implanted in the base or prolongation of the patient’s rec-
tum. It would also be possible to use two or more restrict-
ing devices engaging the intestine, anal channel, colon
or rectum.
[0143] The invention further provides a method for
treating anal incontince, comprising the steps of placing
at least two laparascopical trocars in the body of a patient
suffering from anal incontinence, inserting a dissecting
tool through the trocars and dissecting an area of the
colon or rectum in the abdominal or pelvic or retroperito-
neal surroundings, placing at least one adjustable restric-
tion device in the dissected area engaging the rectum or
colon, adjusting the restriction device to normally restrict
the faecal passageway in the rectum or colon, and ad-
justing the restriction device to open the faecal passage-
way when the patient wants to relieve himself or herself.
The restriction device will automatically switch between
the two restriction devices comprised by the restriction
device.
[0144] A mechanically adjustable restriction device
may be used when practising this method, preferably in
a non-manual manner, i.e. without touching subcutane-
ously implanted components of the apparatus.
[0145] The invention further provides a method for
treating a stoma patient, comprising the steps of placing
at least two laparascopical trocars in the body of a patient
suffering from the stoma, inserting a dissecting tool
through the trocars and dissecting an area of the intestine
providing the stoma in the abdominal surroundings, plac-
ing at least one adjustable restriction device in the dis-
sected area engaging the intestine, adjusting the restric-
tion device to normally restrict the stoma passageway in
the intestine, and adjusting the restriction device to open
the stoma passageway when the patient wants to relieve
himself or herself. A mechanically adjustable restriction
device may be used when practising this method, pref-
erably in a non-manual manner, i.e. without touching sub-
cutaneously implanted components of the apparatus.
[0146] The restriction device will automatically switch
between the two restriction devices comprised by the re-
striction device.
[0147] The method may further comprise implanting a
source of energy in the patient and providing a control
device for controlling the source of energy from outside
the patient’s body to supply energy to the restriction de-
vice.
[0148] The present invention may also relates to a uri-

nary incontinence treatment apparatus, comprising an
adjustable restriction device adapted to engage the ure-
thra or urine bladder of a patient, who suffers from urinary
incontinence, to form a restricted urine passageway in
the urethra or urine bladder. An implantable adjustment
device is provided for adjusting the restriction device to
restrict the urethra or urine bladder to close the urine
passageway, or release the urethra or urine bladder to
open the urine passageway, when the restriction device
is implanted in the patient. An implantable operation de-
vice is provided for operating the adjustment device.
[0149] Urine incontinence is a widespread problem.
Many people are helped through training of the muscles
in the pelvic floor but too many have severe problems
with urine leakage. Many different solutions to this prob-
lem have been tried. There is a prior manually operated
sphincter system connected to an elastic reservoir/pump
placed in the scrotum or in the region of the labia majora.
A disadvantage of this system is that over time hard fi-
brosis is developed around the reservoir which may
cause malfunction of pumping components and it is rath-
er complicated to manually squeeze the elastic reservoir
when urinating, especially woman can get their fingers
wet. Thus, the created fibrosis will sooner or later become
a hard fibrotic layer which may make it difficult to pump
the reservoir. Yet a further disadvantage is that the use
of hydraulic fluid always entails a risk of fluid leaking from
the prosthetis. Furthermore, it is a rather complicated
task to manually pump the reservoir when needing to
urinate.
[0150] A prior hydraulic device which is made for com-
pressing the urethra is disclosed in U.S. Pat. No.
5520606. Prosthetic sphincters with an inflateable cuff
which surrounds the urethra or encloses it on two sides
are disclosed in for example U.S. Pat. Nos. 4571749 and
4222377. U.S. Pat. No. 4969474 discloses a hydraulic
method for treating both men and women with urinary
incontinence problem in the same way. The apparatus
of the U.S. Pat. No. 4969474 includes a reservoir con-
taining fluid and an inflatable compression device that
will compress urethra without risking tissue loss or necro-
sis to occur. An artificial hydraulically operated urethral
sphincter employing an external magnet to achieve clo-
sure of the urethral cuff is disclosed in U.S. Pat. Nos.
5562598. A prior mechanical prosthetic sphincter, dis-
closed in U.S. Pat. No. 4619245 comprises a manually
controllable actuating component for implanting at a con-
venient location in the patients body.
[0151] The urinary incontinence treatment apparatus
is used as an example product and the treatment usage
options referred to herein as well as any other possible
application inside the body, will in any applicable way
also apply to all these alternatives. In this case we focus
on both mechanical and hydraulic restriction devices ,
however, with main focus on hydraulic solutions as an
example for all other threatment fields and embodiments.
[0152] In this case with thwe primary goal to supply
different kind of hydraulic devices. A prime object of the
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present invention is to provide a urinary incontinence
treatment apparatus, which does not require manual ma-
nipulation of a combined reservoir and pump mechanism
placed in the scrotum or in the region of the labia majora
of the patient.
[0153] Another object of the invention is to provide an
urinary incontinence treatment apparatus, which does
not require complicated surgery.
[0154] Yet another object of the invention is to provide
an urinary incontinence treatment apparatus, which may
be conveniently controlled by the patient with a remote
control.
[0155] These objects are obtained by an apparatus of
the kind described initially characterised in that the op-
eration device comprises a powered operation device
and/or a servo means.
[0156] The expression "powered" should be under-
stood as energised with everything without manual force,
preferably electric energy. In other words, the adjustment
device is operated in a non-manual manner. The expres-
sion "non-manual manner" should be understood to
mean that the adjustment device is not operated by man-
ually touching subcutaneously implanted components of
the apparatus or not manipulated by touching the skin of
the patient. Thus, as opposed to prior practice when treat-
ing urine incontinence, the adjustment device of the in-
vention is not operated by manual forces, such as by
manually compressing a fluid containing balloon implant-
ed in the scrotum or in the region of labia majora. Of
course, manual manipulation of a subcutaneous start
button or the like for activating the powered operation
device is permitted within the scope of the present inven-
tion.
[0157] Alternatively, or in combination with a powered
operation device, the servo means may be used, which
enables manual manipulation without need for strong
manipulation forces. The servo means may comprise hy-
draulic means, electric control means, magnetic means,
or mechanical means, which may be activated by manual
manipulating means. Using a servo system will save the
use of force when adjusting the adjustment device, which
may be of importance in many applications.
[0158] The term "servo means" encompasses the nor-
mal definition of a servo mechanism, i.e. an automatic
device that controls large amounts of power by means
of very small amounts of power, but may alternatively or
additionally encompass the definition of a mechanism
that transfers a weak force acting on a moving element
having a long stroke into a strong force acting on another
moving element having a short stroke. The servo means
may comprise a motor, preferably an electric motor,
which may be reversible.
[0159] In accordance with a main embodiment of the
invention, the apparatus comprises a reservoir, prefera-
bly containing a predetermined amount of hydraulic fluid,
also implantable in the patient, wherein the operation de-
vice, suitably electrically powered, operates the adjust-
ment device by using the hydraulic fluid of the reservoir.

[0160] The adjustment device may comprise an ex-
pandable cavity in the restriction device, wherein the ure-
thra or urine bladder is squeezed upon expansion of the
cavity and released upon contraction of the cavity. In this
embodiment the operation device is adapted to distribute
hydraulic fluid from the reservoir to expand the cavity,
and from the cavity to the reservoir to contract the cavity.
[0161] A fluid distribution tube may readily be connect-
ed between the reservoir and the cavity in a manner so
that the tube does not interfere with other implanted com-
ponents of the apparatus.
[0162] Preferably, the reservoir defines a chamber for
the predetermined amount of fluid and the operation de-
vice changes the volume of the chamber. The operation
device suitably comprises first and second wall portions
of the reservoir and is adapted to provide relative dis-
placement between the first and second wall portions of
the reservoir, in order to change the volume of the cham-
ber.
[0163] The operation device may be adapted to pro-
vide said relative displacement in response to the pres-
sure in the reservoir. Suitably, the operation device com-
prises a pressure controlled hydraulic operation device.
For safety, an alarm may be provided for generating an
alarm signal in response to the lapse of a predetermined
time period during which the pressure controlling the hy-
draulic operation device exceeds a predetermined high
value.
[0164] Suitably, the operation device is adapted to dis-
tribute fluid from the reservoir to the cavity of the restric-
tion member in response to a predetermined first dis-
placement of the first wall portion of the reservoir relative
to the second wall portion of the reservoir and may dis-
tribute fluid from the cavity to the reservoir in response
to a predetermined second displacement of the first wall
portion relative to the second wall portion.
[0165] The first and second wall portions of the reser-
voir may be displaceable relative to each other by a mag-
netic, hydraulic, or electric power means, such as an elec-
tric motor. In this embodiment no pump is used, only the
volume of the reservoir is varied. This is of great advan-
tage compared to the solution described below when the
operation device comprises a pump used to pump fluid
between the reservoir and the adjustment device be-
cause there is no need for a non-return valve and it is
still possible to have fluid going both to and from the res-
ervoir. Thus, the significant risk of malfunction when us-
ing such a non-return valve implanted in the patient is
eliminated.
[0166] The operation device may comprise hydraulic
means and a fluid conduit extending between the hydrau-
lic means and the adjustment device. The hydraulic
means and conduit are devoid of any non-return valve.
The reservoir may form part of the conduit and a fluid
chamber with a variable volume. The operation device
may distribute fluid from the fluid chamber to the adjust-
ment device by reduction of the volume of the chamber
and withdraw fluid from the adjustment device by expan-
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sion of the volume of the chamber. The operation device
preferably comprises a motor for moving a movable wall
of the reservoir for changing the volume of the chamber.
Any kind of motor could be used for the different opera-
tions as well as wireless remote solutions for controlling
the operations.
[0167] The restriction device preferably is operable to
perform a reversible function and accordingly there is a
reversing device implantable in the patient for reversing
the function performed by the restriction device. Such a
reversing function preferably involves enlarging and re-
stricting the urine passageway by the restriction device,
suitably in a stepless manner. In this connection, the con-
trol device suitably controls the reversing device, which
may include a switch, to reverse the function performed
by the restriction device. The reversing device may com-
prise hydraulic means including a valve for shifting the
flow direction of a fluid in the hydraulic means. Alterna-
tively, the reversing device may comprise a mechanical
reversing device, such as a switch or a gearbox.
[0168] Where the reversing device comprises a switch
the control device suitably controls the operation of the
switch by shifting polarity of released energy supplied to
the switch. The switch may comprise an electric switch
and the source of energy may supply electric energy for
the operation of the switch. The switch mentioned above
may comprise an electronic switch or, where applicable,
a mechanical switch.
[0169] Where the operation device comprises a motor,
the reversing device is adapted to reverse the motor.
[0170] In accordance with another particular embodi-
ment of the invention, the operation device comprises a
pump for pumping fluid between the reservoir and the
adjustment device. A mechanical solution is proposed in
which it is possible to pump fluid from the reservoir to the
adjustment device and vice versa just by pushing an ac-
tivation member in one direction. The pump preferably
comprises a first activation member for activating the
pump to pump fluid from the reservoir to the adjustment
device, and a second activation member for activating
the pump to pump fluid from the adjustment device to the
reservoir. At least one of the first and second activation
members may be operable by manual manipulation, pref-
erably to permit manual pushing, pulling or rotation there-
of in one direction, or by a device powered magnetically,
hydraulically, or electrically (e.g. by an electric motor), or
be operable by a combination of these methods. Suitably,
at least one of the activation members may be adapted
to operate when subjected to an external pressure ex-
ceeding a predtermined magnitude.
[0171] Another alternative is a pump pumping in only
one direction and an adjustable valve to change the di-
rection of fluid to either increase or decrease the amount
of fluid in the reservoir. This valve may be manipulated
either manually, mechanically, magnetically, or hydrau-
lically.
[0172] The main embodiment of the invention de-
scribed above including the reservoir may alternatively

be equipped with a servo means comprising a reverse
servo. The term "reverse servo" is to be understood as
a mechanism that transfers a strong force acting on a
moving element having a short stroke into a weak force
acting on another moving element having a long stroke;
i.e. the reverse function of the above-defined alternative
mechanism of a normal servo mechanism. A first closed
hydraulic system that controls another closed hydraulic
system in which hydraulic means of the adjustment de-
vice is incorporated may be used. Minor changes in the
amount of fluid in a smaller reservoir of the first system
could then be transferred by the reverse servo into major
changes in the amount of fluid in a larger reservoir in the
second system. In consequence, the change of volume
in the larger reservoir of the second system affects the
hydraulic means of the adjustment device. For example,
a short stroke that decreases the volume of the smaller
reservoir will cause the larger reservoir to supply the ad-
justment device with a large amount of hydraulic fluid,
which in turn results in a long mechanical adjustment
stroke on the restriction device.
[0173] The great advantage of using such a reverse
servo is that the larger volume system could be placed
inside the abdomen or retroperitoneum where there is
more space and still it would be possible to use manual
manipulation means of the smaller system subcutane-
ously. The smaller reservoir could be controlled directly
or indirectly by a fluid supply means. The fluid supply
means may include another small reservoir, which may
be placed subcutaneously and may be activated by man-
ual manipulation means. Both the normal servo means
and the specific reverse servo may be used in connection
with all of the various components and solutions de-
scribed in the present specification.
[0174] Thus, the reverse servo may be adapted to pro-
vide relative displacement between the first and second
wall portions of the reservoir, suitably in response to the
pressure in the reservoir, in order to change the volume
of the chamber of the reservoir.
[0175] Generally, the servo means, including the re-
verse servo, comprises a pressure controlled servo
means. The alarm mentioned above may alternatively
be adapted to generate an alarm signal in response to
the lapse of a predetermined time period during which
the pressure controlling the servo means exceeds a pre-
determined high value.
[0176] The reverse servo may comprise magnetic
means, electric means or manual manipulation means
or a combination thereof. Preferably, however, the re-
verse servo comprises hydraulic means.
[0177] In accordance with a particular embodiment of
the invention, the reverse servo further comprises a servo
reservoir defining a chamber containing servo fluid, and
the operation device comprise first and second wall por-
tions of the servo reservoir, which are displaceable rel-
ative to each other to change the volume of the chamber
of the servo reservoir. The first and second wall portions
of the servo reservoir may be displaceable relative to
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each other by magnetic means, hydraulic means, or elec-
tric control means.
[0178] Where the reverse servo comprises hydraulic
means it may further comprise a fluid supply reservoir
connected to the servo reservoir in a closed system and
containing a further predetermined amount of fluid. The
fluid supply reservoir defines a chamber for the further
predetermined amount of fluid and the operation device
is adapted to change the volume of the chamber and
thereby control the amount of fluid in the servo reservoir.
The fluid supply reservoir comprises first and second wall
portions, which are displaceable relative to each other to
change the volume of the chamber of the fluid supply
reservoir. Suitably, the fluid supply reservoir increases
the amount of fluid in the servo reservoir in response to
a predetermined first displacement of the first wall portion
of the fluid supply reservoir relative to the second wall
portion of the fluid supply reservoir and decreases the
amount of fluid in the servo reservoir in response to a
predetermined second displacement of the first wall por-
tion of the fluid supply reservoir relative to the second
wall portion of the fluid supply reservoir.
[0179] In accordance with an embodiment of the in-
vention, the adjustment device comprises a hydraulic ad-
justment device, and an implantable reservoir containing
a predetermined amount of hydraulic fluid and a conduit
providing fluid connection between the reservoir and the
hydraulic adjustment device are provided. The operation
device is adapted to operate the hydraulic adjustment
device by distributing hydraulic fluid through the conduit
between the reservoir and the hydraulic adjustment de-
vice, wherein the conduit and hydraulic adjustment de-
vice are devoid of any non-return valve to permit free flow
of hydraulic fluid in both directions in the conduit. Pref-
erably, the reservoir forms a fluid chamber with a variable
volume, and the operation device is adapted to distribute
fluid from the chamber to the adjustment device by re-
duction of the volume of the chamber and to withdraw
fluid from the adjustment device by expansion of the vol-
ume of the chamber. The operation device may comprise
a motor or a pump. Alternatively, the operation device
may comprise a movable wall of the reservoir for chang-
ing the volume of the chamber. For example, the opera-
tion device may be adapted to change the volume of the
chamber by moving the movable wall in response to the
pressure in the chamber.
[0180] In the above embodiments including a reservoir
for hydraulic fluid an injection port may be provided for
subcutaneous implantation in the patient to be in fluid
communication with the chamber of the reservoir. The
injection port may be integrated in the reservoir. Such an
injection port may be provided for enabling, normally sin-
gle, once-and-for-all, calibration of the amount of fluid in
the hydraulic system used.
[0181] In the various embodiments hereinafter de-
scribed the restriction device generally forms an at least
substantially closed loop. However, the restriction device
may take a variety of different shapes, such as the shape

of a square, rectangle or ellipse. The substantially closed
loop could for example be totally flat, i.e. thin as seen in
the radial direction. The shape of restriction device may
also be changed during use, by rotation or movements
of the restriction device in any direction. A physical lumen,
like the urethra or urine bladder, often is easier to restrict
by contracting two opposite sidewalls of the lumen
against each other. Thus, the restriction device may be
designed to perform such a contracting effect of the op-
posite walls of the urethra or urine bladder. Either me-
chanical or hydraulic solutions may be employed to op-
erate the restriction device. Alternatively, the restriction
device may comprise an adjustable cuff, a clamp or a
roller for bending or rotating the urethra or urine bladder
to close its passageway. Such a cuff, clamp or roller may
also be utilized for squeezing the urethra or urine bladder
against human material inside the body of the patient,
for example the sacral bone of the patient, or against
implanted structures of the apparatus. The bending or
rotating members may take any shape and be either hy-
draulic or non-inflatable.
[0182] Preferably the restriction device comprises an
elongated restriction member and forming means for
forming the restriction member into at least a substan-
tially closed loop around the urethra or urine bladder,
wherein the loop defines a restriction opening, whereby
the adjustment device adjusts the restriction member in
the loop to change the size of the restriction opening.
[0183] Advantageously, the forming means may form
the restriction member into a loop having a predeter-
mined size. Alternatively, the forming means may form
the restriction member into a loop having a size selected
from several predetermined sizes.
[0184] The adjustment device may change the size of
the restriction opening such that the outer circumferential
confinement surface of the restriction member either is
changed or is unchanged.
[0185] The elongated restriction member may be flex-
ible, for example take the shape of a belt or cord, and
the adjustment device may pull a first portion of the flex-
ible restriction member from a second portion of the flex-
ible restriction member opposite the first portion in the
loop to squeeze the urethra or urine bladder between the
opposite lengths of the elongated flexible restriction
member to restrict the urine passageway. The restriction
member may be non-inflatable, and the adjustment de-
vice may mechanically adjust the restriction member in
the loop.
[0186] The adjustment device may mechanically or hy-
draulically adjust the restriction device. In the embodi-
ments described the adjustment device may either me-
chanically or hydraulically adjust the restriction device,
where applicable. It should be noted that the operation
device might mechanically or hydraulically operate the
adjustment device irrespectively of whether the adjust-
ment device is adapted to adjust the restriction device
mechanically or hydraulically.
[0187] In accordance with an embodiment of the in-
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vention, the restriction device comprises at least two el-
ements on opposite or different sides of the urethra or
urine bladder, and the adjustment device decreases the
distance between the elements to squeeze the urethra
or urine bladder between the elements, thereby restrict-
ing the urine passageway. It is also possible to use only
one element and squeeze the urethra or urine bladder
against human bone or tissue. The elements above may
as well as all the restriction members mentioned in this
application be everything from rigid to soft.
[0188] In accordance with an alternative, the restriction
device bends or rotates a portion of the urethra or urine
bladder to restrict the urine passageway in the same. For
example, the restriction device may comprise at least two
bending members, such as cylindrical or hour-glass
shaped rollers, positioned on opposite or different sides
of the urethra or urine bladder and displaced relative to
each other along the urethra or urine bladder, and the
adjustment device may move the bending members
against the urethra or urine bladder to bend the latter to
restrict the urine passageway. The restriction device may
also rotate a portion of the urethra or urine bladder. The
bending or rotating members may take any shape and
be either hydraulic or non-inflatable.
[0189] Alternatively, the two bending members one
placed more distal than the other may be rotated in op-
posite directions relative to each other. With intercon-
necting means for example flexible bands between the
bending members a restriction will occur between the
bending members when they are rotated.
[0190] Preferably the adjustment device is operable to
adjust the restriction device to steplessly change the re-
striction of the urine passageway in the urethra or urine
bladder.
[0191] All embodiments according to the invention may
be controlled by a wireless remote control.
[0192] In accordance with an advantageous embodi-
ment of the invention, there is provided a wireless remote
control for non-invasively controlling the operation de-
vice. The remote control may conveniently comprise an
external hand-held remote control unit, which is manually
operable by the patient to control the restriction device
to squeeze and release the urethra or urine bladder. With
the wireless remote control the apparatus of the invention
is conveniently controlled by the patient when he so de-
sires, which is of great advantage compared to the prior
art procedures. With the remote control the apparatus of
the invention is conveniently controlled to adjust the im-
planted restriction device to release the urine passage-
way when the patient wants to relieve himself or herself.
[0193] The remote control may advantageously be ca-
pable of obtaining information related to important pa-
rameters, such as the condition of the urine passageway
or the pressure against the restriction device, and of com-
manding the operation device to operate the adjustment
device to adjust the restriction device in response to ob-
tained information. With the remote control the apparatus
of the invention is conveniently controlled to adjust the

implanted restriction device to open and close the urine
passageway. The adjustment device may control the re-
striction device to steplessly change the restriction of the
passageway.
[0194] Preferably, the wireless remote control com-
prises a separate signal transmitter or receiver and a
signal receiver or transmitter implanted in the patient. For
example, the signal transmitter and signal receiver may
transmit and receive a signal in the form of digital pulses,
which may comprise a magnetic or electric field. Alter-
natively, which is preferred, the signal transmitter and
signal receiver may transmit and receive an electromag-
netic wave signal, a sound wave signal or a carrier wave
signal for a remote control signal. The receiver may com-
prise an implanted control unit for controlling the adjust-
ment device in response to a control signal from the signal
transmitter. Any known or conventional signal transmit-
ting or signal receiving means that is suitable for use with
a human or mammal patient may be provided as the sig-
nal transmitter or signal receiver.
[0195] The apparatus of the invention may further com-
prise an implanted energiser unit for providing energy to
energy consuming implanted components of the appa-
ratus, such as electronic circuits and/or a motor for op-
erating the adjustment device. Where a motor is provided
the control unit is adapted to power the motor with energy
provided by the energiser unit in response to a control
signal received from the signal transmitter. The motor
may be any type of motor, such as a pneumatic, hydraulic
or electric motor and the energiser unit may power the
motor with pressurized gas or liquid, or electric energy,
depending on the type of motor. Where the motor is an
electric motor, it may power pneumatic or hydraulic
equipment.
[0196] The remote control advantageously comprises
wireless energy transfer device for transferring energy
from outside the patient’s body to energy consuming im-
plantable components of the apparatus. The energy
transfer device may comprise said energiser unit is
adapted to transform energy from the control signal, as
it is transmitted to the signal receiver, into electric energy.
Where the operation device comprises a motor the wire-
less energy transfer device is adapted to directly power
the motor with transferred energy.
[0197] The energy transferred by the wireless energy
transfer device preferably comprises a signal, suitably a
wave signal. The energy transferred by the wireless en-
ergy transfer device may comprise an electric field or a
magnetic field or a combination thereof. The signal may
be analog or digital or a combination thereof. The energy
transfer device may transfer the energy from the signal
into a direct, pulsating direct or alternating current or a
combination thereof.
[0198] Any of the above mentioned signals may com-
prise analog or digital pulses. The analog or digital signal
may comprise a magnetic field or an electric field or a
combination thereof. Where the signal is a wave signal
it may comprise an electromagnetic wave signal, a sound
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wave signal or a carrier wave signal for a remote control
signal or a combination thereof. Where a carrier signal
is used it may be frequency, amplitude or frequency and
amplitude modulated.
[0199] The apparatus of the invention may comprise
an implantable source of energy for powering the oper-
ation device and/or for energizing other energy consum-
ing components of the apparatus, wherein the energy
from the source of energy is releasable from outside the
patient’s body. Furthermore, the apparatus may com-
prise an energy transmission device for wireless trans-
mission of energy of a first form and an energy trans-
forming device implantable in the patient for transforming
the energy of the first form into energy of a second form,
to be supplied to the source of energy and/or other im-
plantable energy consuming parts of the apparatus. The
energy transforming device may transform the wireless
energy directly or indirectly into energy different than the
wireless energy for operation of the restriction device.
Typically, the energy of the second form is different than
the energy of the first form. The function of the energy
transmission device may be different from that of the en-
ergy transforming device.
[0200] An implantable motor or pump for operating the
adjustment device may be provided, wherein the energy
transmission device may be adapted to transmit wireless
energy in the form of a magnetic field or electromagnetic
waves or field for direct power of the motor or pump, as
the wireless energy is being transmitted. Suitably, the
energy transmission device transmits energy by at least
one signal separate from the above mentioned control
signal.
[0201] An implantable stabiliser for stabilising the en-
ergy of the first or second form may be provided. Where
the energy of the second form comprises electric current,
the stabiliser suitably comprises at least one capacitor.
[0202] Generally, the source of energy comprises a
battery, accumulator, capacitor or a combination thereof.
[0203] In accordance with an embodiment of the in-
vention, the apparatus comprises a control device adapt-
ed to produce wireless energy for directly powering the
operation device and/or for energizing other energy con-
suming components of the apparatus.
[0204] It should be understood that the energy con-
suming parts of the apparatus for example a motor or
pump may be or may not be energised with the un-
changed wirelessly transmitted energy as this being
transmitted as well as being or not being energised with
energy different than the transmitted energy for example
transformed into electrical energy but still directly used
for energising the energy consuming parts of the appa-
ratus as the transmitted energy is transmitted. Alterna-
tively the energy consuming parts of the apparatus may
be energised from a implanted source of energy or stor-
age device, which still may be loaded with wireless en-
ergy. In all these aspects it is preferable to be able to
wirelessly control the release of energy and get an feed-
back of the result of the performed function of the device.

Direct use of transmitted energy may be unrelaible with-
out a feedback what has happened, has the energy
reached it’s goal?
[0205] Generally, the wireless energy may comprise a
wave signal including a sound wave signal, an ultrasound
wave signal, an electromagnetic wave signal, an infrared
light signal, a visible light signal, an ultra violet light signal,
a laser light signal, a micro wave signal, a radio wave
signal, an x-ray radiation signal or a gamma radiation
signal.
[0206] Any of the above mentioned signals may com-
prise a wave signal including a sound wave signal, an
ultrasound wave signal, an electromagnetic wave signal,
an infrared light signal, a visible light signal, an ultra violet
light signal, a laser light signal, a micro wave signal, a
radio wave signal, an x-ray radiation signal or a gamma
radiation signal.
[0207] The control device may be adapted to produce
wireless energy in the form of a train of energy pulses
and the energy transfer device may be adapted to inter-
mittently transfer the train of energy pulses for direct use
in connection with the energising of the energy consum-
ing components of the apparatus. Alternatively, the con-
trol device may be adapted to control the energy trans-
forming device to produce the energy of the second form
in said train of energy pulses for direct use in connection
with the operation of the adjustment device. The trans-
ferred energy preferably comprises electric energy. An
implantable capacitor may be provided for producing the
train of energy pulses.
[0208] Where a capacitor is used in any of the above
described embodiments it may have a relatively low ca-
pacity, i.e. less than 0,1 mF, in order to be small and
suited for implantation.
[0209] Where the operation device comprises an im-
plantable motor or pump for operating the adjustment
device, the energy transfer device may be adapted to
directly power the motor or pump with transferred energy,
at the same time as the energy is transferred. Where a
pump is used it should not be a plunger type of pump,
because a plunger pump is noisy, but may comprise a
peristaltic or membrane pump.
[0210] As mentioned above the apparatus comprises
a wireless remote control for non-invasively controlling
the operation device, which preferably is electrically pow-
ered. Alternatively, the operation device is powered by
magnetic energy, non-magnetic energy, electromagnetic
energy, non-electromagnetic energy, kinetic energy,
non-kinetic energy, sonic energy, non-sonic energy, ther-
mal energy or non-thermal energy. However, the opera-
tion device may be unpowerable by permanent static
magnetic energy. Any other kind of energy, such as elec-
tric, electromagnetic energy or a moving permanent mag-
netic energy, may be conceivable for operating the ad-
justment device. As a result, the implanted restriction de-
vice would not be accidentally adjusted if the patient
comes close to any permanent magnet. Suitably, the op-
eration device is adapted to non-invasively operate the
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adjustment device.
[0211] Where the operation device comprises a hy-
draulic operation device it may use hydraulic fluid, the
viscosity of which changes when the hydraulic fluid is
exposed to energy, preferably electric energy, different
than thermal energy. However, use of hydraulic fluid of
the kind having a viscosity that increases when exposed
to heat or a magnetic field, i.e. the hydraulic fluid would
not become substantially more viscous when exposed
to heat or influenced by magnetic forces, should be avoid-
ed, because external heat sources or heat from the body
when the patient has fever and external magnetic sourc-
es might affect the implanted components of the appa-
ratus.
[0212] The adjustment device is may be operable to
adjust the restriction device to steplessly change the re-
striction of the urine passageway. Furthermore, the ad-
justment device may be adapted to mechanically adjust
the restriction device. Alternatively, it may be adapted to
hydraulically adjust the restriction device by using hy-
draulic means, which is devoid of hydraulic fluid of the
kind having a viscosity that substantially increases when
exposed to heat or a magnetic field.
[0213] In accordance with an embodiment of the in-
vention, the apparatus comprises a control device for
controlling the restriction device. The control device may
comprise an internal programmable control unit implant-
able in the patient and, possibly an external control unit
outside the patient’s body for programming the program-
mable internal control unit. Alternatively, the external
control unit may be programmable and wirelessly control
the restriction device. The control device may be adapted
to produce wireless energy for directly powering the op-
eration device and/or for energizing other energy con-
suming components of the apparatus.
[0214] At least one sensor for sensing at least one
physical parameter of the patient may conveniently be
implanted in the patient. The sensor may preferably
sense as the physical parameter the horizontal position
of the patient or may comprise a pressure sensor for
sensing the pressure against the restriction device or the
urethra or urine bladder or other important parameters.
The pressure sensor may be any suitable known or con-
ventional pressure sensor such as shown in U.S. patents
5540731, 4846181, 4738267, 4571749, 4407296 or
3939823; or an NPC-102 Medical Angioplasty Sensor.
[0215] Either the internal control unit or the external
control unit of the control device may suitably control the
restriction device to enlarge or close the urine passage-
way. For safety the restriction device may enlarge or open
the urine passageway in response to the sensor sensing
for example an abnormally high pressure value. The in-
ternal control unit may directly control the restriction de-
vice in response to signals from the sensor.
[0216] Wherever magnetic means is utilized according
to the invention it may comprise a permanent magnet
and a magnetic material reed switch, or other suitable
known or conventional magnetic means.

[0217] Where a source of energy is used the control
device suitably is operable from outside the patient’s
body for controlling the source of energy to release en-
ergy for use in connection with the operation of the ad-
justment device, when the adjustment device is implant-
ed. The source of energy may be provided external to
the patient’s body, and the control device may be adapted
to control the external source of energy to release wire-
less energy for use in connection with the operation of
the adjustment device.
[0218] The control device may control the source of
energy to release magnetic energy, non-magnetic ener-
gy, electromagnetic energy, non-electromagnetic ener-
gy, kinetic energy, non-kinetic energy, sonic energy, non-
sonic energy, thermal energy or non-thermal energy,
preferably in a non-invasive manner and for a determined
time period and/or in a determined number of energy
pulses.
[0219] Where the implantable components of the ap-
paratus comprise electrical electrical components they
may include at least one or a single voltage level guard.
In this case, the electrical components suitably are de-
void of any current detector and/or charge level detector.
Furthermore, the electrical components may comprise a
capacitor or accumulator, wherein the charge and dis-
charge of the capacitor or accumulator is controlled by
use of the voltage level guard. As a result, there is no
need for any implanted current detector and/or charge
level detector for the control of the capacitor, which
makes the apparatus simple and reliable.
[0220] In accordance with an advantageous embodi-
ment of the invention, the apparatus comprises an im-
plantable switch for directly or indirectly switching the op-
eration of the restriction device. The switch may be op-
erated by the energy supplied by the energy transmission
device mentioned above to switch from an off mode, in
which the implantable source of energy mentioned above
is not in use, to an on mode, in which the source of energy
supplies energy for the operation of the restriction device.
[0221] In accordance with an alternative embodiment,
the above mentioned a remote control may be employed
for controlling the implantable source of energy, wherein
the switch is operated by the energy supplied by the en-
ergy transmission device to switch from an off mode, in
which the remote control is prevented from controlling
the source of energy and the source of energy is not in
use, to a standby mode, in which the remote control is
permitted to control the source of energy to supply energy
for the operation of the restriction device.
[0222] In accordance with another alternative embod-
iment, the switch is operated by the energy supplied by
the implantable energy transforming device mentioned
above to switch from an off mode, in which the source of
energy is not in use, to an on mode, in which the source
of energy supplies energy for the operation of the restric-
tion device.
[0223] In accordance with yet another alternative em-
bodiment, the switch is operated by the energy supplied
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by the energy transforming device to switch from an off
mode, in which the remote control is prevented from con-
trolling the source of energy and the source of energy is
not in use, to a standby mode, in which the remote control
is permitted to control the source of energy to supply
energy for the operation of the restriction device.
[0224] Suitably, the restriction device is embedded in
a soft or gel-like material, such as a silicone material hav-
ing hardness less than 20 Shore.
[0225] The energy transforming device may be de-
signed to be implanted subcutaneously or in the abdo-
men, thorax or cephalic region of the patient.
[0226] The adjustment device may be adapted to ad-
just the restriction device such that the restriction device
provides a predetermined contraction of the urine pas-
sageway that is satisfactory for the patient.
[0227] The adjustment device is preferably adapted to
adjust the prosthesis device in a non-flux magnetic or
non-thermal manner or non-viscosity changing manner,
because these would give rise to unreliable function of
the device. The expression "non-viscosity changing man-
ner" should be understood to mean that the adjustment
device is not adjusted by changing the viscosity of the
hydraulic fluid used.
[0228] All the above described various components,
such as the motor, pump and capacitor, may be com-
bined in the different embodiments where applicable. Al-
so the various functions described in connection with the
above embodiments of the invention may be used in dif-
ferent applications, where applicable. Specifically, the
various remote control functions described and all the
various methods for supplying energy may be used in
any conceivable combination that is apparent to those
skilled in the art.
[0229] The invention also provides a method for treat-
ing a patient suffering from urinary incontinence, com-
prising the steps of placing at least two laparascopical
trocars in the body of a patient suffering from urinary in-
continence, inserting a dissecting tool through the trocars
and dissecting an area of the urethra or urine bladder in
the abdominal or pelvic or retroperitoneal surroundings,
placing at least one adjustable restriction device in the
dissected area engaging the urethra or urine bladder ad-
justing the restriction device to normally restrict the urine
passageway in the urethra or urine bladder, and adjusting
the restriction device to open the urine passageway when
the patient wants to relieve himself or herself. A hydraulic
adjustable restriction device may be used when practic-
ing this method, preferably in a non-manual manner, i.e.
without touching subcutaneously implanted components
of the apparatus.
[0230] The method may further comprise implanting a
source of energy in the patient and providing a control
device for controlling the source of energy from outside
the patient’s body to supply energy for the adjustment of
the restriction device.
[0231] The present invention also provides a method
for treating urinary incontinence, comprising surgically

implanting in the body of a patient suffering from urinary
incontinence an adjustable restriction device engaging
the urethra or urine bladder to restrict the urine passage-
way, and when desired to allow the patient to urinate,
adjusting the restriction device to temporarily release the
urethra or urine bladder to open the urine passageway.
The method may further comprise implanting an elongat-
ed restriction member of the restriction device around
the urethra or urine bladder.
[0232] The urinary incontinence treatment apparatus
of the invention may also be laparoscopicly implanted.
Thus, there is provided a method comprising the steps
of placing at least two laparascopical trocars in the pa-
tient’s body, inserting a dissecting tool through the trocars
and dissecting an area of the pelvic or abdominal or ret-
roperitoneal surroundings and placing an operable re-
striction device in the dissected area, so that the restric-
tion device engages the urethra or urine bladder to restrict
the urine passageway.
[0233] There are a number of conceivable alternative
embodiments of the invention that give the same result
as the above-described embodiments. For example, the
microprocessor of the external and implanted, respec-
tively, control units may be replaced by discrete compo-
nents. The power amplifier of the external control unit
may be omitted if the signals generated by the signal
generator are strong enough. Therefore, the invention is
to be accorded the broadest interpretation of the append-
ed claims to encompass all equivalent structures and as-
semblies.
[0234] Any embodiment, part of embodiment, method,
or part of method may be combined in any applicable
way. Any embodiment described for urinary incontinence
or any embodiment described for anal incontinence may
apply to all other treatment fields treatment apparatus or
methods presented herein or any applicable apparatus
usage placed inside the body including the described re-
striction device using two automatically switching restric-
tion devices.

Brief description of the drawings

[0235] The invention is now described, by way of ex-
ample, with reference to the accompanying drawing, in
which:

Fig. 1 is an overview of a patient when the implant-
able hydraulic restriction device has been implanted,

Fig. 2a shows a sectional view of the implanted hy-
draulic restriction device when fixated to a muscular
layer of the abdominal wall,

Fig. 2b shows an embodiment of the implantable hy-
draulic restriction device,

Fig. 3 shows an embodiment of the implantable hy-
draulic restriction device,
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Fig. 4 is an overview of a patient when the implant-
able hydraulic restriction device has been implanted
for restricting the fallopian tubes of the patient,

Fig. 5a shows an embodiment of the implantable hy-
draulic restriction device restricting the fallopian tube
of the patient,

Fig. 5b shows the uterus and fallopian tubes of the
patient when the implantable hydraulic restriction de-
vice has been implanted,

Fig. 6 is an overview of a patient when the implant-
able hydraulic restriction device has been implanted
for restricting a part of a stoma of the patient,

Fig. 7 shows the implantable hydraulic restriction de-
vice in further detail, when implanted for restricting
a stoma of the patient,

Fig. 8 shows an overview of a patient when the im-
plantable hydraulic restriction device has been im-
planted for restricting the urethra of the patient,

Fig. 9a shows the urethra of the patient when the
implantable hydraulic restriction device has been im-
planted,

Fig. 9b shows a sectional view of the patient when
the implantable hydraulic restriction device has been
implanted for restricting the urethra,

Fig. 10 shows an overview of a patient when the
implantable hydraulic restriction device has been im-
planted for restricting the vas deferens of the patient,

Fig. 11a shows the scrotum and the vas deferens of
the patient in further detail, when the hydraulic re-
striction device has been implanted,

Fig. 11b shows the vas deferens of the patient sce-
matically, when the hydraulic restriction device has
been implanted,

Fig. 12 shows an overview of a patient when the
implantable hydraulic restriction device has been im-
planted for restricting the large intestine of the pa-
tient,

Fig. 13a shows the large intestine of the patient sce-
matically, when the hydraulic restriction device has
been implanted,

Fig. 13b shows a sectional view of the patient when
the implantable hydraulic restriction device has been
implanted for restricting the large intestine,

Fig. 14 shows an overview of a patient when the

implantable hydraulic restriction device has been im-
planted for restricting an aneurysm of the patient,

Fig. 15 shows the abdominal aorta of the patient sce-
matically, when the hydraulic restriction device has
been implanted,

Fig. 16 shows an overview of a patient when the
implantable hydraulic restriction device has been im-
planted for restricting the stomach of the patient,

Fig. 17a - 17c shows thee different embodiments of
the hydraulic restriction device implanted for restrict-
ing the stomach of the patient,

Fig. 18a shows a sectional top-view of an embodi-
ment of a control unit for use in the implantable hy-
draulic restriction device,

Fig. 18b shows a sectional side-view of an embodi-
ment of a control unit for use in the implantable hy-
draulic restriction device,

Fig. 19a shows a sectional side-view of an embodi-
ment of a control unit for use in the implantable hy-
draulic restriction device,

Fig. 19b shows a sectional side-view of an embodi-
ment of a control unit for use in the implantable hy-
draulic restriction device,

Fig. 20a shows a top-view of a gear system for use
in an operation device,

Fig. 20b shows a sectional side-view of the gear sys-
tem shown in fig. 20a,

Fig. 20c shows a top-view of a gear system for use
in an operation device,

Fig. 21a shows a top-view of a gear system for use
in an operation device,

Fig. 21b shows a sectional side-view of the gear sys-
tem shown in fig. 20a,

Fig. 21c shows a top-view of a gear system for use
in an operation device,

Fig. 21d shows a top-view of a gear system for use
in an operation device,

Fig. 22 shows a sectional side-view and sectional
top-view of an embodiment of a control unit for use
in the implantable hydraulic restriction device,

Fig. 23 shows a sectional side-view and sectional
top-view of an embodiment of a control unit for use

39 40 



EP 3 903 727 A1

22

5

10

15

20

25

30

35

40

45

50

55

in the implantable hydraulic restriction device,

Fig. 24 shows a sectional side-view and sectional
top-view of an embodiment of a control unit for use
in the implantable hydraulic restriction device,

Fig. 25 shows a sectional side-view and sectional
top-view of an embodiment of a control unit for use
in the implantable hydraulic restriction device,

Fig. 26 shows a top-view of a peristaltic pump for
use in the operation device of any of the embodi-
ments herein,

Fig. 27a shows a control unit for use in a hydraulic
restriction device comprising a peristaltic pump, in a
perspective view,

Fig. 27b shows a sectional side view of the control
unit of fig. 27a,

Fig. 28 shows an exploded view of an embodiment
of an operation device,

Fig. 29 shows an elevated perspective view of an
operation device for operating an implantable hy-
draulic restriction device,

Fig. 30a shows a sectional side view of an operation
device for operating an implantable hydraulic restric-
tion device, in a first state,

Fig. 30b shows a sectional side view of the operation
device of fig. 30a, in a second state,

Fig. 31a and 31b shows a sectional side-view and
sectional top-view of an operation device for operat-
ing an implantable hydraulic restriction device,

Fig. 32 shows a sectional elevated side-view of a
control unit for use in an implantable hydraulic re-
striction device,

Fig. 33a shows an elevated side-view of the control
unit of fig. 32, in a first state,

Fig. 33b shows an elevated side-view of the control
unit of fig. 32, in a second state.

Detailed description

[0236] A hydraulic implantable restriction device for re-
stricting a luminary organ of a patient is provided. The
hydraulic implantable restriction device comprises a first
hydraulic restriction element adapted to restrict a first por-
tion of the luminary organ, and a second hydraulic re-
striction element adapted to restrict a second portion of
the luminary organ. The luminary organ could for exam-

ple be an intestine of the patient, a blood vessel of the
patient, the urethra of the patient, the vas deference of
the patient, the stomach of the patient, the esophagus of
the patient or the oviducts of the patient, and the restric-
tion thereof is adapted to control the flow of matter in the
luminary organ. When a portion of a luminary organ is
restricted, the blood flow of that particular portion of the
organ is hampered, which creates a risk that the portion
suffers from ischemia which may cause irreversible
necrosis of the restricted tissue. By constantly switching
the restricted portion the risk of necrosis or other damage
to the tissue of the patient is considerably reduced. For
this purpose, the hydraulic implantable restriction device
further comprises a control unit adapted to control the
first and second restriction elements for automatically
switching between restricting the first and second portion
of the luminary organ, for creating a less invasive restric-
tion. By switching between a first and second portion of
restriction, the blood flow hampering effect of the restric-
tion can be limited in time, such that the risk of damage
to the restricted tissue is reduced. The control unit is
adapted to automatically switch between restricting the
first and second portion of the luminary organ on the basis
of at least one of: a lapsed time being between 10 minutes
and 6 months, the patient using the function of the re-
stricted luminary organ, and the receipt of a control signal.
The patient using the function could for example be, in
an embodiment were the restriction device is adapted to
restrict the urethra, the patient releasing the restriction
for the purpose of releasing urine. The control unit could
be operated on the basis of the receipt of a control signal,
which for example could be control signal generated on
the basis of a sensor input generated on the inside of the
body of the patient, or a control signal transmitted from
outside of the body of the patient.
[0237] The lapsed time should be adapted to the need
for the tissue of the particular position to recover from
the strain created by the restriction, which could depend
on the application area. Too frequent switching con-
sumes a lot of energy, which is an aspect which must be
considered when choosing the intervals of the operation.
The lapsed time could for example be 1 hour, 2 hours, 4
hours, 8 hours, 12 hours, 16 hours, 20 hours or a full 24
hours. In other applications the lapsed time could be as
much as 2 days, 4 days, 1 week, 2 weeks, 1 month, 2
months or 6 months, in which case the energy consump-
tion is very low.
[0238] The implantable hydraulic restriction device
could comprise an implantable fluid reservoir connected
to the first and second restriction element by means of
fluid conduits. Fluid could be transported from the fluid
reservoir to the first and second restriction element by
means of the reservoir comprising at least one moveable
wall portion for changing the volume of the implantable
fluid reservoir and thereby moving fluid from the implant-
able fluid reservoir to the first and second restriction el-
ements.
[0239] The implantable hydraulic restriction device
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may further comprise a hydraulic pump for pumping fluid
from the implantable reservoir to at least one of the first
and second restriction element. The hydraulic pump may
be a hydraulic pump in the form of a reservoir acting as
a pump by a wall of the reservoir moving, or by the res-
ervoir acting as a pump to move fluid by changing volume,
or at least one non-valve pump, or at least one valve
pump, or at least one peristaltic pump, or at least one
membrane pump, or at least one gear pump, or at least
one bellows pump.
[0240] In another embodiment, the implantable hy-
draulic restriction device may further comprise an im-
plantable valve member for directing fluid from the im-
plantable reservoir to the first or second restriction ele-
ment, in which case the hydraulic restriction device may
only need one hydraulic pump capable of moving fluid in
one direction.
[0241] For the purpose of operating the restriction de-
vices, the implantable hydraulic restriction device may
further comprise at least one motor for operating a mov-
able wall portion, an implantable pump, and an implant-
able valve member. The motor could be an electrical mo-
tor selected from for example an alternating current (AC)
electrical motor, a direct current (DC) electrical motor, a
linear electrical motor, an axial electrical motor, a piezo-
electric motor, a three-phase motor, a more than one-
phase motor, a bimetal motor, and a memory metal mo-
tor.
[0242] For the purpose of increasing the force and re-
ducing the speed of the work created by the motor, the
implantable hydraulic restriction device may further com-
prise a gear system placed between the motor and a
movable wall portion, or the implantable pump or the im-
plantable valve member.
[0243] The gear system could be a gear system com-
prising an operable element, a first gear having the shape
of a hollow cylinder, comprising a first number of teeth,
on the peripheral outside thereof, and a second gear hav-
ing the shape of a hollow cylinder, comprising a greater
number of teeth than the first gear, on the inside surface
thereof. The operable element may be adapted to en-
gage the inside of the first gear, such that the outside of
the first gear is pressed against the inside of the second
gear such that the teeth of the first gear are interengaged
with the teeth of the second gear in at least one position
interspaced by positions at which the teeth are not inter-
engaged. The operation of the operable element advanc-
es the positions and thereby causes relative rotation be-
tween the first gear and the second gear.
[0244] The operable element may comprise a plane-
tary gear or a structure or wheel using friction to inter-
connect with the first gear.
[0245] The implantable hydraulic restriction device
may further comprise a threaded member arranged to
move a wall portion of an implantable reservoir. The
threaded member may be connected to a motor or a gear
system for transferring a rotating force to a reciprocating
force for moving the wall portion.

[0246] The implantable hydraulic restriction device
may further comprise an injection port for supplying fluid
to the reservoir, which could be a subcutaneous injection
port comprising a self sealing silicone membrane adapt-
ed to be penetrated by an injection needle.
[0247] The implantable hydraulic restriction device
may further comprise a servo connected between the
motor and one of a movable wall portion, an implantable
pump, and an implantable valve member.
[0248] The hydraulic pump comprised in the implant-
able hydraulic restriction device may be a peristaltic hy-
draulic pump comprising: a hollow member for fluid trans-
portation and an operable compression member adapted
to engage and compress the hollow member. The com-
pression member is in direct or indirect connection with
a motor such that the motor operates the compression
member such that fluid is transported in the hollow mem-
ber. The hollow member of the peristaltic pump may form
a loop or part of a loop adapted to at least partially encircle
at least one of the gear system and the motor in at least
partially the same axial plane, and the motor may be
adapted to propel the compressing member such that
the compression member compresses the hollow mem-
ber towards the outer periphery of the loop or part of loop.
[0249] The implantable hydraulic restriction device
may further comprise an implantable energizing unit for
providing energy to energy consuming components of
the device to be implanted in the patient and/or an energy
transfer member for wireless transfer of energy from out-
side the patient’s body to an energy consuming implant-
able component of the device, or to the implantable en-
ergizing unit.
[0250] A luminary organ is to be understood as any
organ comprising a lumen, a hollow space or a space
adapted to be filled with, or pass, a fluid. Examples of
luminary organs A luminary organ could for example be
an intestine of the patient, a blood vessel of the patient,
the urethra of the patient, the vas deference of the patient,
the stomach of the patient, the esophagus of the patient,
the bile duct of the patient, a part of the intestine of the
patient forming an ostomy, or the oviducts of the patient.
[0251] Restriction of a luminary organ is to be under-
stood as any operation decreasing a cross-sectional area
of the lumen of the organ. The restriction may decrease
the flow of matter in the lumen, or may completely close
the lumen such that no matter can pass.
[0252] A control unit is to be understood as any im-
plantable unit capable of controlling the restriction device.
A control unit could include a motor and/or pump or an-
other operation device for operating the implantable hy-
draulic restriction device, or could be separate from the
operation device and only be adapted to control the op-
eration thereof.
[0253] A control signal is to be understood as any sig-
nal capable of carrying information and/or electric power
such that the restriction device can be directly or indirectly
controlled.
[0254] A gear system is to be understood as any sys-
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tem capable of providing transmission such that work of
a first form can be transmission into work of a second
form. The form of the work could for example include the
velocity, the force and/or the direction of the work.
[0255] In the following a detailed description of embod-
iments of the invention will be given with reference to the
accompanying drawings. It will be appreciated that the
drawings are for illustration only and are not in any way
restricting the scope of the invention. Thus, any referenc-
es to directions, such as "up" or "down", are only referring
to the directions shown in the figures. It should be noted
that the features having the same reference numerals
have the same function, a feature in one embodiment
could thus be exchanged for a feature from another em-
bodiment having the same reference numeral unless
clearly contradictory. The descriptions of the features
having the same reference numerals should thus be seen
as complementing each other in describing the funda-
mental idea of the feature and thereby showing the fea-
tures versatility.
[0256] Fig. 1 is an overview of a patient in which hy-
draulic implantable restriction device for restricting a lu-
minary organ has been implanted. The hydraulic implant-
able restriction device comprises restriction elements 10,
and a control unit 20 connected to the restriction elements
10 for controlling the operation thereof. The control unit
20 is connected to the restriction elements by means of
a fluid conduit transferring hydraulic force and/or an elec-
trical lead transferring a control signal.
[0257] Fig. 2a shows an embodiment of a hydraulic
implantable restriction device for restricting a luminary
organ L of a patient. The hydraulic implantable restriction
device comprises a first hydraulic restriction element 10’
adapted to restrict a first portion p1 of the luminary organ
L, and a second hydraulic restriction element
10" adapted to restrict a second portion p2 of the luminary
organ L. The luminary organ L could for example be an
intestine of the patient, a blood vessel of the patient, the
urethra of the patient, the vas deference of the patient,
the stomach of the patient, a portion of the esophagus
of the patient or the oviducts of the patient, and the re-
striction thereof is adapted to control the flow of matter
in the luminary organ L. The hydraulic implantable re-
striction device further comprises a control unit 20 com-
prising an operation device 110 adapted to control the
first and second restriction elements 10’, 10" for auto-
matically switching between restricting the first and sec-
ond portion p1, p2 of the luminary organ L, for creating
a less invasive restriction. By switching between a first
and second portion p1, p2 of restriction, the blood flow
hampering effect of the restriction can be limited in time,
such that the risk of damage to the restricted tissue is
reduced. The control unit 20 is adapted to automatically
switch between restricting the first and second portion
p1, p2 of the luminary organ L on the basis of at least
one of: a lapsed time being between 10 minutes and 6
months, the patient using the function of the restricted
luminary organ L, and the receipt of a control signal. The

patient using the function could for example be, in an
embodiment were the restriction device is adapted to re-
strict the urethra, the patient releasing the restriction for
the purpose of releasing urine. The control unit 20 could
be operated on the basis of the receipt of a control signal,
which for example could be a control signal generated
on the basis of a sensor input generated on the inside of
the body of the patient, or a control signal transmitted
from outside of the body of the patient.
[0258] The first and second restriction elements 10’,
10" are connected to the control unit 20 by means of a
first and second fluid conduit 162’, 162". The fluid con-
duits 162’, 162" and the first and second restriction ele-
ment 10’, 10" are preferably made from a biocompatible
material such as silicone and/or polyurethane. The fluid
conduits could be materially integrated in the restriction
elements such that the number of joints are reduced,
which reduces the risk of the rupture between the restric-
tion elements and the fluid conduits 162’, 162". The fluid
conduits 162’, 162" are further connected to a hydraulic
pump 150’ of the operation device 110 of the control unit
20. The hydraulic pump 150’ is propelled by a motor 130
which could be connected to the hydraulic pump via a
gear system 140 adapting the work created by the motor
130 to what is required by the hydraulic pump 130.
[0259] The control unit further comprises an energizing
unit 190 which may be an accumulator by means of which
energy can be stored in the body of the patient. The ac-
cumulator could for example be a rechargeable battery
or a capacitor. The control unit also comprises a control
system 195 comprising a processing unit for handling the
control of the restriction device. The processing unit could
be a single CPU (Central processing unit), or could com-
prise two or more processing units. For example, the
processor may include a general purpose microproces-
sor, an instruction set processor and/or related chips sets
and/or special purpose microprocessors such as ASICs
(Application Specific Integrated Circuit). The processor
may also comprise board memory for caching purposes.
The control system 195 could be adapted to keep track
of the lapsed time since the restriction device was last
switched, and could include an I/O interface for receiving
sensor input for the purpose of controlling the restriction
device. The control system 195 could be wirelessly pro-
grammable form outside of body of the patient and the
programming of the controlling could be based on a com-
bination of lapsed time, real time, sensor input (which
could be sensor input related to a functional parameter
of the device or a physical parameter of the patient), pa-
tient input (by means of for example a remote control)
and input by medical professionals, such that the restric-
tion device can be programmed to function optimally. The
optimal function of the restriction device could in many
instances be a mediation between optimal restriction of
the luminary organ and restriction with causes the least
damage to the restricted tissue.
[0260] Turning again to the implanted control unit, the
control unit 20 of the embodiment of fig. 2a is fixated to
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the muscular layer M of the abdomen, by means of the
main part 20’ of the control unit 20 being placed on the
inside of the muscular layer M and communication part
20" of the control unit 20 being placed on the outside of
the muscular layer M, subcutaneously. The main part 20’
and the communication part 20" are interconnected by
means of an interconnecting portion 20’’’. The intercon-
nection of the main part 20’ and the communication part
20" clamps the muscular layer M which fixates the control
unit to the muscular layer M.
[0261] The communication part 20" of the control unit
comprises a receiving/transmitting unit 120 adapted to
receive information from a communication unit 30a and
wireless energy from a wireless energy transmitter 30b
of an external unit 200. The wireless energy may be in
the form of an electromagnetic field transferred between
a coil of the external unit 200 and a coil of the receiving
unit 120, by means of the coils of the receiving unit 120
and external unit 200 functioning as electrical conductors
inductively coupled to each other, forming a transformer
like circuit for the purpose of transferring alternating elec-
trical energy signals. The wireless energy could in alter-
native embodiments be in the form of a moving magnetic
field magnetically connected to a movable structure of
the implantable operation device 110 comprising mag-
nets or magnetic material, such that the movable struc-
ture of the operable implant moves along with the moving
magnetic field created in the external unit 200. The re-
ceiving/transmitting unit 120 could further be a combina-
tion unit adapted to receive wireless energy both in the
form a moving magnetic field affecting a movable struc-
ture of the operation device, and as wireless energy gen-
erating electrical current on in the control unit 20 for op-
erating the restriction device or charging the energizing
unit 190.
[0262] In alternative embodiments, the implantable
control unit may further comprise a push-button placed
under the skin for providing force, information, or for over-
riding the automatic system of the control unit. Generally
speaking, the control unit of the restriction device may
control the restriction automatically according to a pre-
programmed timeschedule or on the basis of input from
any sensor sensing any possible physical parameter of
the patient or any functional parameter of the device.
[0263] The control unit may comprise a feedback de-
vice for sending information from inside the patient’s body
to the outside thereof to give feedback information related
to at least one functional parameter of the stretching de-
vice or restriction device or a physical parameter of the
patient, thereby optimizing the performance of the restric-
tion device. One preferred functional parameter of the
device is correlated to the transfer of energy for charging
the internal energizing unit.
[0264] The wireless energy supplied to the control unit
may generally be transferred by means of any suitable
Transcutaneous Energy Transfer (TET) device, such as
a device including a primary coil arranged in the external
unit 200 and a secondary coil arranged in the implanted

control unit 20. When an electric current is fed through
the primary coil, energy in the form of a voltage is induced
in the secondary coil which can be used to operate the
restriction device, e.g. after storing the incoming energy
in an energizing unit 190, such as a battery or a capacitor.
However, the present invention is generally not limited
to any particular energy transfer technique, TET devices
or energy storing devices, and any kind of wireless en-
ergy may be used.
[0265] The amount of energy received inside the body
to the device may be compared with the energy used by
the device. The term used by the device is then under-
stood to include also energy stored by the device. The
amount of transferred energy can be regulated by means
of the external unit 200 based on the determined energy
balance. In order to transfer the correct amount of energy,
the energy balance and the required amount of energy
can be determined by means of the control unit 20. The
control unit 20 may thus be arranged to receive various
measurements obtained by suitable sensors or the like,
not shown, measuring certain characteristics of the re-
striction device, somehow reflecting the required amount
of energy needed for proper operation of the restriction
device. Moreover, the current condition of the patient may
also be detected by means of suitable measuring devices
or sensors, in order to provide parameters reflecting the
patient’s condition. Hence, such characteristics and/or
parameters may be related to the current state of the
restriction device, such as power consumption, opera-
tional mode and temperature, as well as the patient’s
condition reflected by, e.g., body temperature, blood
pressure, heartbeats and breathing. Alternatively or ad-
ditionally, characteristics of the energizing unit 190, also
reflecting the required amount of energy, may be meas-
ured as well. Characteristics of the energizing unit 190
may be related to the current state of the battery, such
as voltage, temperature, etc. In order to provide sufficient
voltage and current to the restriction device, and also to
avoid excessive heating, it is clearly understood that the
energizing unit should be charged optimally by receiving
a correct amount of energy, i.e. not too little or too much.
Energizing unit characteristics may be measured on a
regular basis to determine the current state of the ener-
gizing unit, which then may be stored as state information
in a suitable storage means in the control unit 20. Thus,
whenever new measurements are made, the stored en-
ergizing unit state information can be updated accord-
ingly. In this way, the state of the energizing unit can be
"calibrated" by transferring a correct amount of energy,
so as to maintain the energizing unit in an optimal con-
dition.
[0266] The control unit 20 may be adapted to deter-
mine the energy balance and/or the currently required
amount of energy, (either energy per time unit or accu-
mulated energy) based on measurements made by the
above-mentioned sensors or measuring devices on the
restriction device, or the patient, or an energizing unit if
used, or any combination thereof.
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[0267] Sensor measurements from the inside of the
patients body can be transmitted directly to the external
unit 200 wherein the energy balance and/or the currently
required amount of energy can be determined by the ex-
ternal unit 200, thus integrating the above-described
function of the control unit 20 in the external unit 200.
The energy balance and the currently required amount
of energy can be determined by the external unit 200
based on sensor measurements.
[0268] The control unit 20 may employ feedback of in-
formation indicating the required energy, which is more
efficient than previous solutions because it is based on
the actual use of energy that is compared to the received
energy, e.g. with respect to the amount of energy, the
energy difference, or the energy receiving rate as com-
pared to the energy rate used by the restriction device.
The different parameters discussed above would thus be
used if relevant and needed and then as a tool for deter-
mining the actual energy balance. However, such param-
eters may also be needed per se for any actions taken
internally to specifically operate the restriction device.
[0269] The control unit and external unit may operate
basically in the following manner. The energy balance is
first determined by the control unit 20. A control signal
reflecting the required amount of energy is also created
by the control unit 20, and the control signal is transmitted
from the control unit 20 to the external unit 200. Alterna-
tively, the energy balance can be determined by the ex-
ternal unit 200 instead depending on the implementation,
as mentioned above. In that case, the control signal may
carry measurement results from various sensors. The
amount of energy emitted by the external unit 200 can
then be regulated by the external unit 200, based on the
determined energy balance, e.g. in response to the re-
ceived control signal. This process may be repeated in-
termittently at certain intervals during ongoing energy
transfer, or may be executed on a more or less continu-
ous basis during the energy transfer. The amount of
transferred energy can generally be regulated by adjust-
ing various transmission parameters such as voltage,
current, amplitude, wave frequency and pulse character-
istics. A method is thus provided for controlling transmis-
sion of wireless energy supplied to the restriction device
implanted in the patient. The wireless energy is transmit-
ted from the external unit outside the patient and is re-
ceived by the control unit located inside the patient, the
control unit being connected to the restriction device for
directly or indirectly supplying received energy thereto.
An energy balance is determined between the energy
received by the control unit and the energy used for the
restriction device. The transmission of wireless energy
from the external unit is then controlled based on the
determined energy balance.
[0270] The control unit may additionally comprise a re-
verse device for altering the direction of an electrical mo-
tor or a fluid flow. The reverse device could for example
be a valve member, a mechanical gear, or a device for
changing current polarity, or a device for altering an al-

ternating current, such as a converter.
[0271] The communication part 20" further comprises
a subcutaneous injection port 126 by means of which the
fluid level in the hydraulic restriction device can be cali-
brated. The subcutaneous injection port 126 could have
a self sealing membrane, for example made from hard
silicone, such that an injection needle can be inserted
through the skin S of the patient and through the self
sealing membrane and removed substantially without the
occurrence of any leakage.
[0272] The interconnecting portion 20’" comprises a
fluid conduit for transferring fluid from the injection port
126 of the communication part 20" to the hydraulic pump
or a fluid reservoir in fluid connection with the fluid pump
150’. The interconnecting portion 20’" further comprises
an electrical lead for transferring electrical power re-
ceived at the receiving/transmitting unit 120 or transfer-
ring information and/or control signals received from or
to be transmitted by the receiving/transmitting unit 120
[0273] Turning now to the external wireless energy
transmitter 30b for transmitting wireless energy. The
wireless energy transmitter 30b comprises a coil and an
electronic circuit connected to the second coil, wherein
the coil of the energy transmitter 30b transmits wireless
energy which is received by the coil of the implanted re-
ceiving/transmitting unit 120. The control system 195 of
the control unit 20 further comprises a power switch for
switching the connection of the coil of the receiving/trans-
mitting unit 120 on and off, such that feedback information
related to the transfer of wireless energy can be received
by the wireless energy transmitter 30b in the form of an
impedance variation in the load of the external coil.
[0274] I alternative embodiments, the wireless energy
signal transmitted by the external wireless energy trans-
mitter 30b may include a wave signal selected from the
following: a sound wave signal, an ultrasound wave sig-
nal, an infrared light signal, a visible light signal, an ultra
violet light signal, a laser light signal, a micro wave signal,
a radio wave signal, an x-ray radiation signal and a gam-
ma radiation signal. The wireless energy-transmission
device 30b may transmit a carrier signal for carrying the
wireless energy signal. Such a carrier signal may include
digital, analogue or a combination of digital and analogue
signals. In this case, the wireless energy signal includes
an analogue or a digital signal, or a combination of an
analogue and digital signal.
[0275] Now turning to the communication unit 30a. The
communication unit may 30a function as a wireless re-
mote control for transmitting a wireless control signal for
noninvasively controlling the apparatus. The wireless re-
mote control could be operated by the patient such that
the generated control signal is a patient input control sig-
nal. The wireless remote control could additionally be
used by medical professionals for calibrating the device
or altering the settings. The implanted control unit 20 may
be adapted to automatically control the restriction device
and the received control signal from the wireless remote
control could be a control signal to alter the programming
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of the control unit 20, and thus altering the automatic
function of the control unit 20. Alternatively, the control
signal may be adapted to override the automatic opera-
tion by the control unit 20. In yet an alternative embodi-
ment, the external unit 200 comprises the functionality
keeping track of the automated operation of the control
unit 20. I.e. the external unit 200 sends a control signal
automatically to the implanted control unit 20 when it is
time to switch restriction position.
[0276] In alternative embodiments, the control unit
may additionally comprise a fixation member adapted to
directly or indirectly fixate at least a portion of the control
unit to at least one muscular fascia and/or at least one
bone fascia and/or at least one cortical bone layer and/or
at least one muscular layer and/or fibrotic tissue and/or
any part of the abdominal wall and/or any part of the
subcutaneous space and its surroundings in the body.
[0277] In the example where the hydraulic implantable
restriction device is a restriction device adapted to restrict
the urethra of the patient for treating urinary incontinence,
the patient may operate, via the wireless remote control,
the releasing of the restriction device for enabling release
of urine. A different version of the communication unit
30a operated by the medical professional could have the
capabilities of changing the settings of the restriction de-
vice, for example by changing the frequency with which
the restriction device switches between restricting a first
and second portion of the urethra. The professional ver-
sion of the communication unit could also have the ca-
pabilities of receiving feedback from the restriction de-
vice. The feedback could for example be related to the
energy level at the energizing unit 190 of the control unit,
the fluid level of the hydraulic restriction device, number
of operations that the restriction device has performed,
or any other functional parameter of the device or phys-
iological parameter of the patient.
[0278] The wireless signals used by the communica-
tion unit 30a may include a frequency, amplitude, or
phase modulated signal or a combination thereof. Alter-
natively, the wireless signal could include an analogue
or a digital signal, or a combination of an analogue and
digital signal. The wireless control signal may comprise
an electric or magnetic field, or a combined electric and
magnetic field. The communication unit 30a may addi-
tionally transmit a carrier signal for carrying the wireless
control signal. Such a carrier signal may include digital,
analogue or a combination of digital and analogue sig-
nals. Where the control signal includes an analogue or
a digital signal, or a combination of an analogue and dig-
ital signal, the wireless remote control preferably trans-
mits an electromagnetic carrier wave signal for carrying
the digital or analogue control signals.
[0279] The control unit 20 is enclosed by en enclosure
such that the control unit is protected from bodily fluids.
The enclosures may be an enclosure made from one of
or a combination of: a carbon based material (such as
graphite, silicon carbide, or a carbon fiber material), a
boron material, a polymer material (such as silicone,

Peek®, polyurethane, UHWPE or PTFE,), a metallic ma-
terial (such as titanium, stainless steel, tantalum, plati-
num, niobium or aluminum), a ceramic material (such as
zirconium dioxide, aluminum oxide or tungsten carbide)
or glass. In any instance the enclosure should be made
from a material with low permeability, such that migration
of fluid through the walls of the enclosure is prevented.
[0280] Fig. 2b shows an embodiment of a hydraulic
pump 150’ for implantation. The hydraulic pump is a per-
istaltic hydraulic pump 150’ adapted pump and thus
transport a hydraulic fluid to the first and second restrict-
ing element 10’, 10". The peristaltic pump 150’ is adapted
to be connected to force output of a motor, such as the
motor 130 in the control unit 20 of fig. 2a. The implantable
peristaltic pump 150’ comprises a deflectable hollow
member 152 for fluid transportation, in form of a tubing
made from a resilient material, such as an elastomeric
polymer material, such as silicone, Parylene® coated sil-
icone, NBR, Hypalon, Viton, PVC, EPDM, Polyurethane
or Natural Rubber. The deflectable hollow member 152
is adapted to be deflected by an operable compression
member 153 or "wiper", adapted to engage and com-
press the hollow member 152, and thus transport the
hydraulic fluid. The compression member 153 is pro-
pelled by the motor (130 in fig. 2a). The hollow member
152 is placed inside a peristaltic pump housing 151, such
that the hollow member 152 is compressed between the
operable compression member 153. The peristaltic
pump 150’ enables the hydraulic fluid to be completely
separated from the bodily fluids, such that the hydraulic
fluid can be transported without the risk of leakage.
[0281] The deflectable hollow member 152 is connect-
ed to or integrated with fluid conduits 162’, 162", which
in turn is connected to or integrated with the hydraulic
restriction elements 10’, 10". When the compression
member 153 is propelled in a clockwise direction, it cre-
ates a peristaltic wave which presses hydraulic fluid
through the hollow member 152 and further through the
first fluid conduit 162’ and to the first restriction element
10’. When the first restriction element 10’ is inflated by
the fluid, it restricts a first portion of the luminary organ
L. When the compression member 153 is propelled in a
counter clockwise direction, it creates a peristaltic wave
which presses hydraulic fluid through the hollow member
152 and further through the second fluid conduit 162" and
to the second restriction element 10". When the second
restriction element 10" is inflated by the fluid, it restricts
a first portion of the luminary organ L, such as shown in
fig. 2a. By the construction of the embodiment of fig. 2b,
the restricted portion can be switched from the first to the
second by altering the direction of movement of the com-
pression member 153. The embodiment shown in fig. 2b
enables the fluid of the hydraulic restriction device to be
entirely encapsulated such that the risk of leakage is min-
imized.
[0282] The first and second restriction elements 10’,
10" each comprises fixation portions 14’a, 14"a, 14’b,
14"b adapted to be interconnected such that the restric-
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tion element forms a closed loop encircling the luminary
organ L. The first ends of the fixation portions 14’a, 14"a
may be connected to the second ends of the fixation por-
tions 14’b, 14"b by means of for example sutures or sta-
plers.
[0283] Fig. 3 shows an embodiment of implantable hy-
draulic restriction device in which the restriction elements
10’, 10" are identical to the restriction elements described
under reference to fig. 2a and 2b. The control unit 20, or
part of the control unit operating the hydraulic restriction
device differ from that of fig. 2b in that the control unit
comprises a torus shaped reservoir made from a resilient
material, such as silicone, Parylene® coated silicone,
NBR, Hypalon, Viton, PVC, EPDM, Polyurethane or Nat-
ural Rubber, such that the walls of the reservoir are mov-
able such that the reservoir 160 can be compressed and
thereby functioning as a non-valve pump for moving fluid
from the reservoir 160 to the restriction elements 10’, 10".
The torus shaped reservoir is connected to an implant-
able valve member 40 (which may in alternative embod-
iments be integrated in the control unit 20). The implant-
able valve member 40 comprises a movable fluid guide
44 which is controllable to rotate within the housing 41
of the valve member 40. By means of the valve member
40, the fluid from the reservoir 160 conveyed through the
fluid conduit 162 can be controlled by the valve 40, by
means of the fluid guide 44, to either be conveyed through
a first fluid conduit 162’ to a first restriction element 10’
or through a second fluid conduit 162" to a second re-
striction element 10". The implantable valve 40 is oper-
ated by an electrical motor or solenoid (not shown) con-
nected to the valve guide 44.
[0284] Now, turning to the control unit 20, the control
unit comprises a hydraulic pump in the form of a torus
shaped reservoir 160 adapted to contain a hydraulic fluid.
The torus shaped reservoir 160 is adapted to be com-
pressed by a radially extending engaging member 444
operated by a threaded member 441 connected to an
operation device 110’ comprising an electrical motor and
a gear system. The torus shaped reservoir 160 is pref-
erably made from a material which is elastic enough to
create suction, such that the fluid from the restriction el-
ements is returned to the torus shaped reservoir 160
when the pressure from the radially extending engaging
member 444 is released. The operation device 110’ could
for example comprise the combination of motor and gear
system as described in any of figs. 22, 23, 24 or 25. The
control unit further comprises an enclosure 161 enclosing
the torus shaped reservoir 160 and the radially extending
engaging member 444. The additional enclosure 161
comprises a sealing member 167 adapted to seal be-
tween the additional enclosure and the fluid conduit 162
adapted to transport the hydraulic fluid from the torus
shaped reservoir 160 to the implantable valve. The ad-
ditional enclosure further seals the operation device 110’
from the bodily fluids and reduces the risk that fibrotic
tissue in-growth affects the operation of the operation
device 110’. Examples of the operation of the control unit

20 is described in further detail with reference to figs. 22,
23, 24 and 25.
[0285] Fig. 4 shows an overview of a female patient in
whom the hydraulic implantable restriction device has
been implanted such that the restriction elements are
restricting the fallopian tubes F of the patient and thus
hindering eggs travelling through the fallopian tubes from
reaching the uterus UT of the patient. The implantable
hydraulic restriction device thus functions as an implant-
able contraceptive system.
[0286] Fig. 5a and 5b shows the restriction device
adapted to restrict the fallopian tubes F in further detail.
The restriction device comprises the two restriction ele-
ments 10’, 10" connected to a two-directional peristaltic
pump 150’ by means of a first and second fluid conduit
162’, 162". The first and second peristaltic pump 150’
and restriction element 10 may be connected to a single
control unit controlling the two pumps 150’ and restricting
elements 10, alternatively, the first and second peristaltic
pumps 150’ are each connected to a control unit, such
that the first and second peristaltic pumps 150’ and re-
striction elements 10 are controlled individually.
[0287] The peristaltic pumps 150’ of the two restriction
devices are controlled such that the restricted portion of
the fallopian tubes F is continuously switched such that
the restricted tissue is allowed to rest from the pressure
exerted by the restricting elements 10’, 10". When a por-
tion of the fallopian tube is restricted, the blood flow of
that particular portion of the fallopian tube is hampered,
which creates a risk that the portion suffers from ischemia
which may cause irreversible necrosis of the restricted
tissue. By constantly switching the restricted portion the
risk of necrosis or other damage to the tissue of the pa-
tient is considerably reduced. The switching could be per-
formed on the basis of a lapsed time and/or on the basis
of the patient using the device for the purpose of releasing
eggs in the fallopian tube F. I.e. the first restriction ele-
ments 10’ can be used for restricting the fallopian tube
F until the patient operates the restriction device for re-
leasing one or more eggs, after which the second restric-
tion element 10" is used for restricting the fallopian tube
F. It is also conceivable to program the control unit 20
such that the switching occurs on the basis of both lapsed
time and patient usage. In alternative embodiments, or
as a complement to the previously described control
method, the device may be controlled on the basis of
sensor input. The sensor providing sensor input could be
a sensor sensing a functional parameter of the device,
such as pressure, mechanical elongation or available en-
ergy, or a physical parameter of the patient, such as tem-
perature, saturation, blood pressure or an ischemia
marker such as lactate. Please note that any of the em-
bodiments of hydraulic restriction devices herein may be
used for the purpose of restricting the fallopian tube and
that the particular embodiment shown is only to be seen
as an example.
[0288] Fig. 6 and fig. 7 shows the implantable hydraulic
restriction device according to the embodiment de-
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scribed in further detail with reference to figs. 2a and 2b,
when implanted in the body of a patient positioned on a
stoma created using a portion of the patient’s intestine I.
The stoma penetrates the muscular layer M of the ab-
dominal wall and the skin S of the patient for the purpose
of allowing matter which have passed through the intes-
tines I of the patient to exit the body, when a portion of
the patient’s intestine I has been removed. When a por-
tion of the intestine I is restricted, the blood flow of that
particular portion of the intestine I is hampered, which
creates a risk that the portion suffers from ischemia,
which may cause irreversible necrosis of the restricted
tissue. By constantly switching the restricted portion the
risk of necrosis or other damage to the tissue of the pa-
tient is considerably reduced. The switching could be per-
formed on the basis of a lapsed time and/or on the basis
of the patient using the device for the purpose of releasing
the intestinal content. I.e. the first restriction element 10’
can be used for restricting the stoma until the patient
operates the restriction device for emptying the intestine
I after which the second restriction element 10" is used
for restricting the stoma. It is also conceivable to program
the control unit 20 such that the switching occurs on the
basis of both lapsed time and patient usage. In alternative
embodiments, or as a complement to the previously de-
scribed control method, the device may be controlled on
the basis of sensor input. The sensor providing sensor
input could be a sensor sensing a functional parameter
of the device, such as pressure, mechanical elongation
or available energy, or a physical parameter of the pa-
tient, such as temperature, saturation, blood pressure or
an ischemia marker such as lactate. Please note that any
of the embodiments of hydraulic restriction devices here-
in may be used for the purpose of restricting the intestine
and that the particular embodiment shown is only to be
seen as an example.
[0289] Figs. 8, 9a and 9b shows the implantable hy-
draulic restriction device according to the embodiment
described in further detail with reference to figs. 2a and
2b, when implanted in the body of a patient positioned
on the urethra U for the purpose restricting the flow of
urine in the urethra for treating incontinence. When a
portion of the urethra U is restricted, the blood flow of
that particular portion of the urethra U is hampered, which
creates a risk that the portion suffers from ischemia,
which may cause irreversible necrosis of the restricted
tissue. By constantly switching the restricted portion the
risk of necrosis or other damage to the tissue of the pa-
tient is considerably reduced. The switching could be per-
formed on the basis of a lapsed time and/or on the basis
of the patient using the device for the purpose of releasing
urine. I.e. the first restriction element 10’ can be used for
restricting the urethra until the patient operates the re-
striction device for emptying the urinary bladder B after
which the second restriction element 10" is used for re-
stricting the urethra U. It is also conceivable to program
the control unit 20 such that the switching occurs on the
basis of both lapsed time and patient usage. In alternative

embodiments, or as a complement to the previously de-
scribed control method, the device may be controlled on
the basis of sensor input. The sensor providing sensor
input could be a sensor sensing a functional parameter
of the device, such as pressure exerted on the restrictions
elements 10’, 10" from the urine in the bladder B and
urethra U, mechanical elongation or available energy, or
a physical parameter of the patient, such as temperature,
bladder expansion, nerve impulses, saturation, blood
pressure or an ischemia marker such as lactate. Please
note that any of the embodiments of hydraulic restriction
devices herein may be used for the purpose of restricting
the urethra and that the particular embodiment shown is
only to be seen as an example.
[0290] When the restriction device is used for restrict-
ing the urethra or intestine of the patient the device may
function such that the passage way for urine and fecal
matter is open when each of the restriction elements are
half full, which in the embodiment of fig. 9a corresponds
to the compression member 153 being placed in the mid-
dle of the hollow member 152. When the patient needs
to open the passageway, the compression member 153
is moved to the middle and paused while the patient re-
quires the passageway to be open, after which the com-
pression member 153 continues to the opposite end po-
sition closing the other restriction element. As the restric-
tion needs to be opened anyway, the switching of restric-
tion elements does not create any additional energy con-
sumption, which makes the solution energy efficient.
[0291] Figs 10, 11a and 11b shows the implantable
hydraulic restriction device according to the embodiment
described in further detail with reference to figs. 2a and
2b, when implanted in the body of a patient positioned
on the vas deferens V for the purpose restricting the flow
of sperm from the epididymis E for the purpose of func-
tioning as a contraceptive or a reversible sterilization.
When a portion of the vas deference V is restricted, the
blood flow of that particular portion of the vas deferens
V is hampered, which creates a risk that the portion suf-
fers from ischemia, which may cause irreversible necro-
sis of the restricted tissue. By constantly switching the
restricted portion the risk of necrosis or other damage to
the tissue of the patient is considerably reduced. The
switching could be performed on the basis of a lapsed
time and/or on the basis of input from the patient. It is
also conceivable to program the control unit 20 such that
the switching occurs on the basis of both lapsed time and
patient input. In alternative embodiments, or as a com-
plement to the previously described control method, the
device may be controlled on the basis of sensor input.
The sensor providing sensor input could be a sensor
sensing a functional parameter of the device, mechanical
elongation or available energy, or a physical parameter
of the patient, such as temperature, nerve impulses, sat-
uration, blood pressure or an ischemia marker such as
lactate. Please note that any of the embodiments of hy-
draulic restriction devices herein may be used for the
purpose of restricting the vas deferens and that the par-
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ticular embodiment shown is only to be seen as an ex-
ample.
[0292] Figs 12, 13a and 13b shows the implantable
hydraulic restriction device according to the embodiment
described in further detail with reference to figs. 2a and
2b, when implanted in the body of a patient positioned
on the large intestine in the end region thereof in proximity
to the anus of the patient for the purpose restricting the
large intestine and thus function as an artificial sphincter
restricting the flow of intestinal content and thus treating
anal incontinence. When a portion of the large intestine
I is restricted, the blood flow of that particular portion of
the intestine I is hampered, which creates a risk that the
portion suffers from ischemia, which may cause irrevers-
ible necrosis of the restricted tissue. By constantly switch-
ing the restricted portion the risk of necrosis or other dam-
age to the tissue of the patient is considerably reduced.
The switching could be performed on the basis of a
lapsed time and/or on the basis of the patient using the
device for the purpose of releasing the intestinal content.
I.e. the first restriction element 10’ can be used for re-
stricting the intestine I until the patient operates the re-
striction device for emptying the intestine I after which
the second restriction element 10" is used for restricting
the intestine I. It is also conceivable to program the control
unit 20 such that the switching occurs on the basis of
both lapsed time and patient usage. In alternative em-
bodiments, or as a complement to the previously de-
scribed control method, the device may be controlled on
the basis of sensor input. The sensor providing sensor
input could be a sensor sensing a functional parameter
of the device, such as pressure exerted on the device by
intestinal content, mechanical elongation or available en-
ergy, or a physical parameter of the patient, such as tem-
perature, saturation, blood pressure, the presence of in-
testinal content in the intestine I (which for example could
be sensed by means of ultrasound or electric resistance)
or an ischemia marker such as lactate. Please note that
any of the embodiments of hydraulic restriction devices
herein may be used for the purpose of restricting the large
intestine and that the particular embodiment shown is
only to be seen as an example.
[0293] Figs 14 and 15 shows the implantable hydraulic
restriction device according to the embodiment de-
scribed in further detail with reference to figs. 2a and 2b,
when implanted in the body of a patient positioned on
the abdominal aorta A for the purpose restricting an aortic
aneurysm. Aortic aneurysm is caused by the weakening
of the wall of the abdominal aorta A and creates a balloon
like bulge. As the aneurysm grows the wall of the aorta
is further weakened which eventually leads to the rupture
of the aorta which in many instances is fatal. The hydrau-
lic restriction device restricts the further expansion of the
abdominal aorta A by the restricting elements 10 encir-
cling the aorta A and pressing against the aorta A by
means of the hydraulic fluid supplied to the restricting
elements. When a portion of a blood vessel, such as the
abdominal aorta A is restricted, the blood flow of that

particular portion of the vessel is hampered, which cre-
ates a risk that the portion suffers from ischemia, which
may cause irreversible necrosis of the restricted tissue.
By constantly switching the restricted portion the risk of
necrosis or other damage to the tissue of the patient is
considerably reduced. The switching could be performed
on the basis of a lapsed time and/or on the basis of input
from the patient and/or a medical professional. It is also
conceivable to program the control unit 20 such that the
switching occurs on the basis of both lapsed time and
input. In alternative embodiments, or as a complement
to the previously described control method, the device
may be controlled on the basis of sensor input. The sen-
sor providing sensor input could be a sensor sensing a
functional parameter of the device, such as pressure ex-
erted from the aneurysm, mechanical elongation or avail-
able energy, or a physical parameter of the patient, such
as temperature, nerve impulses, saturation, blood pres-
sure or an ischemia marker such as lactate. Please note
that any of the embodiments of hydraulic restriction de-
vices herein may be used for the purpose of restricting
an aneurysm and that the particular embodiment shown
is only to be seen as an example.
[0294] Figs. 16 and 17a shows the implantable hydrau-
lic restriction device according to the embodiment de-
scribed in further detail with reference to figs. 2a and 2b,
when implanted such that the restriction elements 10 en-
circles a portion of the stomach S of the patient for re-
stricting the food passage way of the stomach S for re-
ducing the nutrient uptake and the ability for the patient
to ingest food and thus inducing weight loss in the patient.
Fig. 17b shows an alternative way of restricting the stom-
ach of the patient, by using the hydraulic restriction device
in vertical banded gastroplasty (VBG) and fig. 17c shows
yet another alternative embodiment for restricting the
food passageway of the stomach in which the restriction
elements 10 are placed at the lower portion of the stom-
ach S. The fluid conduits 162’, 162" connects the restric-
tion elements to a control unit, which could be the control
unit of any of the embodiments herein. When a portion
of the stomach S is restricted, the blood flow of that par-
ticular portion of the stomach S is hampered, which cre-
ates a risk that the portion suffers from ischemia, which
may cause irreversible necrosis of the restricted tissue.
By constantly switching the restricted portion the risk of
necrosis or other damage to the tissue of the patient is
considerably reduced. The switching could be performed
on the basis of a lapsed time and/or on the basis of input
from the patient and/or a medical professional. It is also
conceivable to program the control unit 20 such that the
switching occurs on the basis of both lapsed time and
input. In alternative embodiments, or as a complement
to the previously described control method, the device
may be controlled on the basis of sensor input. The sen-
sor providing sensor input could be a sensor sensing a
functional parameter of the device, such as pressure ex-
erted from stomach activity, mechanical elongation or
available energy, or a physical parameter of the patient,
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such as temperature, nerve impulses, saturation, blood
pressure, acidity in the stomach, blood glucose level,
stomach contraction or any other indicator of the patient
eating, or an ischemia marker such as lactate. Please
note that any of the embodiments of hydraulic restriction
devices herein may be used for the purpose of restricting
an aneurysm and that the particular embodiment shown
is only to be seen as an example.
[0295] Figs. 18a and 18b shows an embodiment of a
control unit 20 comprising an operation device 110, which
may be used as control unit in any of the embodiments
describes herein. The operation device 110 comprises a
peristaltic hydraulic pump, such as further described with
reference to fig. 2b and 26. The peristaltic pump com-
prises a hollow member 152 for fluid transportation inte-
grated with the fluid conduits 162’, 162" conveying fluid
to the restriction elements of the fluid restriction device.
The peristaltic pump further comprises an operable com-
pression member 153 adapted to engage and compress
the hollow member 152. The compression member 153
is connected to a rotating force output 149 of a gear sys-
tem having a radially extending portion transferring force
from the gear system to a cylindrical portion of the force
output 149, to which the compression member 153 is
fixated. Both the electrical motor and the gear system of
the operation device is placed inside the peristaltic pump.
[0296] In further detail, the coils 132 of the electrical
motor is connected by means of leads (not shown) to the
control system 195 of the control unit 20 which in turn is
connected to a energizing unit 190. The control system
195 generates an alternating current (AC) by means of
a converter which is used to energize the coils 132. The
AC thus sequentially energizes the coils 132 such that a
propagating magnetic field is created in the coils 132 pro-
pelling the magnets 133 fixated to a rotatable structure
135. The rotatable structure 135 is in turn connected to
a force input 142 of the gear system, such that the force
input propels operable elements 143’’’a, 143"’b deflect-
ing the first gear 144 of the gear system and causing
relative rotation between the third gear 146 and the sec-
ond gear 145 which propels the force output 149 of the
gear system which is in direct connection with the oper-
able compression member 153. The detailed operation
and alternative embodiments of the gear system is de-
scribed with reference to figs. 20a - 21d. The hollow mem-
ber 152 forms ª of a loop encircling the electrical motor
and the gear system, and the compressing member 153
compresses the hollow member 152 towards the outer
periphery of the loop and against the housing 151 which
is a portion of the enclosure of the operation device. The
control system 195 controls the electrical motor such that
the compressing member 153 is propelled in a first di-
rection towards a first end portion E1 of the hollow mem-
ber 152. The compression of the hollow member 152
transports fluid from the hollow member 152 through the
first fluid conduit 162’ and to the first restriction element
(not shown) for restricting a first portion of a luminary
organ. When the control system decides (based on for

example a lapsed time or an input form a sensor or a
person) that the restriction device should switch restrict-
ed portion of the luminary organ, the control system con-
trols the electrical motor such that the compression mem-
ber 153 compresses the hollow member 152 in the op-
posite direction towards a second end portion E2 of the
hollow member 152 which transports fluid from the hollow
member through the second fluid conduit 162" to the sec-
ond restriction element (not shown) for restricting a sec-
ond portion of the luminary organ.
[0297] When the restriction device is used for restrict-
ing the urethra or intestine of the patient the device may
function such that the passage way for urine and fecal
matter is open when each of the restriction elements are
half full, which in the embodiment of fig. 18a corresponds
to the compression member 153 being placed in the mid-
dle of the hollow member 152. When the patient needs
to open the passageway, the compression member 153
is moved from the first end portion E1 to the middle and
paused while the patient requires the passageway to be
open, after which the compression member 153 contin-
ues to the opposite end position E2 closing the restriction
element (10" not shown in this fig.). As the restriction
needs to be opened anyway, the switching of restriction
elements does not create any additional energy con-
sumption, which makes the solution energy efficient.
[0298] Fig. 19a shows an embodiment of a control unit
20 comprising an operation device 110, which for may
be used as control unit in any of the embodiments de-
scribes herein. In the embodiment shown in fig. 19a, a
motor and gear system (similar to the motor and gear
system shown in fig. 18a and 18b) is placed between a
first and second compressible reservoir 160a, 160b, sim-
ilar to the reservoir described with reference to fig. 3.
[0299] In detail, coils 132 of the electrical motor are
connected by means of leads (not shown) to the control
system 195 of the control unit 20 which in turn is con-
nected to a energizing unit 190. The control system 195
generates an alternating current (AC) by means of a con-
verter which is used to energize the coils 132. The AC
thus sequentially energizes the coils 132 such that a
propagating magnetic field is created in the coils 132 pro-
pelling the magnets 133 fixated to a rotatable structure
135 radially outside the coils 132. The rotatable structure
135 comprises a radially extending portion 147 adapted
to transfer the force from the periphery of the rotatable
structure 135 to the center of the rotatable structure 135
below the electrical motor and the gear system. The ra-
dially extending portion 147 transfers force to the force
input 142 of the gear system, which in turn engages the
operable elements 143’’’a, 143’’’b. The operable ele-
ments 143’’’a, 143"’b engages the inside of a first gear
144 in two diametrically placed positions. The operable
elements 143’’’a, 143"’b deflects the first gear 144 caus-
ing the first gear 144 to assume an oval shape, in an axial
cross-section. The operable elements 143’’’a, 143"’b
maintains the first gear 144 deflected, such that the teeth
of the first gear 144 are interengaged with the teeth of a
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second gear 145 in two angularly spaced, diametrically
placed positions. The second gear 145 has a greater
number of teeth than the first gear 144, on the inside
surface thereof, and the operation of the operable ele-
ment 143’’’a, 143’’’b thus advances the interengaged po-
sitions and thereby causes relative rotation between the
first gear 144 and the second gear 145. The gear system
further comprises a third gear 146 having an inside com-
prising the same amount of teeth as the outside of the
first gear 144. The teeth of the third gear 146 are adapted
to interengage with the teeth of the first gear 144 such
that the third gear 146 rotates in relation to the second
gear 145, along with the interengaged positions. The third
gear 146 is in connection with a force output 149 of the
gear system 140 by means of a radially extending con-
necting structure 147 for transferring force from the third
gear 146 to the force output 149.
[0300] The force output 149 is, in the embodiment de-
scribed in fig. 19a, a hollow shaft equipped with inner
threads (not shown) adapted to engage outer threads of
a threaded member 441a, such that the interaction be-
tween the hollow shaft 149 and the threaded member
441 transforms the radially rotating force generated by
the operation of the gear system 140, to a linear force.
The threaded member 441 is connected to a radially ex-
tending engaging member 444 (such as also described
with reference to fig. 3) adapted to engage the first res-
ervoir 160a containing a hydraulic fluid. The threaded
member is further connected to a shaft portion 441b
which in turn is connected to a second radially extending
member 444 adapted to engage the second reservoir
160b containing a hydraulic fluid. The first and second
fluid reservoirs 160a, 160b are torus shaped and in fluid
connection with the first and second fluid conduits 162’,
162" connecting the reservoirs 160a, 160b to the restrict-
ing elements of the implantable restriction device. The
torus shaped reservoirs 160a, 160b may be made from
a material which is elastic to return to its torus shape
when the pressure from the radially extending engaging
members 444 is released, and/or the reservoirs 160a,
160b may be fixated to the radially extending engaging
members 444 such that the reservoirs are forced to ex-
pand when the radially extending engaging members 444
are moved in the expanding direction of the reservoirs
160a, 160b.
[0301] In operation, the control system 195 controls
the electrical motor (by energizing the coils 132) such
that the force output in form of the hollow shaft 149 rotates
and causes linear movement of the threaded member
441a, which, when the electrical motor is operated in a
first direction causes compression of the first reservoir
160a pressing fluid from the first reservoir via the first
fluid conduit 162’ to the first restriction element (not
shown) such that a first portion of a luminary organ is
constricted. As the threaded member 441a is connected
to the shaft 441b connected to the second radially ex-
tending engaging member 444 engaging the second fluid
reservoir 160b, the second fluid reservoir 160b is expand-

ed simultaneously as the first fluid reservoir 160a is com-
pressed. The expansion of the second fluid reservoir
160b cause the fluid to return to the second fluid reservoir
from the second restriction element (not shown) via the
second fluid conduit 162", releasing the constriction of
the second portion of the luminary organ of the patient.
When the control system 195 decides (based on for ex-
ample a lapsed time or an input form a sensor or a person)
that the restriction device should switch restricted portion
of the luminary organ, the control system controls the
electrical motor such that rotation in the opposite direc-
tion is created such that the force output in form of the
hollow shaft 149 rotates and causes linear movement of
the threaded member 441a in the opposite direction,
which via the connection with the shaft 441b causes com-
pression of the second reservoir 160b pressing fluid from
the second reservoir 160b via the second fluid conduit
162" to the second restriction element (not shown) such
that a second portion of a luminary organ is constricted.
The first fluid reservoir 160a is expanded simultaneously
as the second fluid reservoir 160b is compressed. The
expansion of the first fluid reservoir 160a cause the fluid
to return to the first fluid reservoir 160a from the first re-
striction element (not shown) via the first fluid conduit
162", releasing the constriction of the first portion of the
luminary organ of the patient.
[0302] The control unit comprises a seat portion 445
functioning as an anvil in relation to the compression of
the reservoir 160, and at the same time functioning as
an enclosure, at least partially enclosing the gear system
and the electrical motor. The seat portion 445 connects
to a pleated bellows portion 442 of the enclosure adapted
to enclose the force output 149 and the threaded member
441, such that the threaded member 441 and force output
149 is sealed from bodily fluids. The connection of the
seat portion 445 with the portion of the enclosure 442
enclosing the force output 149 and the threaded member
441 removes the need for a seal between the seat portion
445 and the force output 149 which facilitates the oper-
ation of gear system 140 and makes it possible for the
gear system 140 to be hermetically enclosed. The pleat-
ed portion 442 is adapted to allow in-growth of fibrotic
tissue without the mobility of the pleated portion 442 be-
ing affected. Further, in the embodiment of fig. 19a, the
coils 132 are placed and sealed in an individual coil en-
closure 131, such that the coils 132 are further isolated
from the bodily fluids of the patient and/or from lubricating
fluids used in the gear system and/or from the hydraulic
fluids.
[0303] Fig. 19b shows an embodiment functionally
equivalent to the embodiment shown in fig 19a. The dif-
ference is that the implantable first and second fluid res-
ervoirs 160a, 160b are divided a common moveable wall
163 for changing the volume of the implantable fluid res-
ervoirs 160a, 160b and thereby increasing fluid in the
first fluid reservoir 160a simultaneously with decreasing
fluid in the second fluid reservoir 160b and vice versa.
The force output 149 of the operation device is threaded
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and engages a correspondingly threaded portion of the
movable wall 163 such that the rotating force created by
the operation device is transferred to a linear force mov-
ing the movable wall163. The threaded force output 149
is enclosed by pleated bellows portions 442 both above
and below the movable wall 163 such that the threaded
force output 149 (and the rest of the operation device) is
protected from the fluids in the reservoirs 160a, 160b.
[0304] An embodiment of a gear system which may be
used in any of the operation devices will now be described
in further detail with reference to figs. 20a - 21d.
[0305] Fig. 20a shows an embodiment of an implant-
able gear system 140 for operation in an operation de-
vice. The gear system 140 is adapted to receive mechan-
ical work having a first force and first velocity, and output
mechanical work having a second, different force and a
second different velocity. The gear system 140 compris-
es a force input 142 connected to an operable element
143’ adapted to engage a first gear 144 having the shape
of a hollow cylinder, comprising a first number of teeth
144t, for example 160, on the peripheral outside thereof,
and a second gear 145 having the shape of a hollow
cylinder, comprising a greater number of teeth 145t than
the first gear, for example 162, on the inside surface
thereof. The operable element 143’ is adapted to engage
the inside 144a of the first gear 144, such that the outside
144b of the first gear 144 is pressed against the inside
145a of the second gear 145 such that the teeth 144t of
the first gear 144 are interengaged with the teeth 145t of
the second gear 145 in position P1 interspaced by posi-
tions (for example the position P2) at which the teeth are
not interengaged. The operation of the operable element
143’ advances the position P1 and thereby causes rela-
tive rotation between the first gear 144 and the second
gear 145. In the embodiment shown in fig. 20a, the sec-
ond gear 145 comprises two more teeth 145t than the
first gear 144, resulting in the first gear 144 rotating 2/160
or 1/80 of a revolution for each revolution that the oper-
able element 143’ performs, which results in a transmis-
sion of 80 times, i.e. the force output (149 of fig. 2b) pro-
vides a force with 1/80 of the velocity and 80 times the
force, thus increasing the force which can be exerted by
for example an electrical motor, 80 times. In the embod-
iment shown in fig. 20a the operable element slides ra-
dially against the inner surface of the first gear 144. For
reducing the friction a lubricating fluid may be present in
the gear system, it is further conceivable that the operable
element 143’ or the surface against which the operable
implant 143’ slides may comprise a self lubricating ma-
terial, such as Graphalloy, Nyliol or PTFE.
[0306] Fig. 20b shows the gear system 140 in a sec-
tional side view, in an embodiment in which the gear sys-
tem 140 comprises a third gear 146 having an inside
146a comprising the same amount of teeth 146t as the
outside 144b of the first gear 144. The teeth 146t of the
third gear 146 are adapted to interengage with the teeth
of the first gear 144 such that the third gear 146 rotates
in relation to the second gear 145, along with the inter-

engaged position (P1 of fig. 20a). The third gear 146 is
in connection with a force output 149 of the gear system
140 by means of a radially extending connecting struc-
ture 147 for transferring force from the third gear 146 to
the force output 149.
[0307] Fig. 20c shows an alternative embodiment of
the medical device, wherein the operable element 143" is
adapted to engage the inside 144a of the first gear 144
in two diametrically placed positions. The operable ele-
ment 143" deflects the first gear 144 causing the first
gear 144 to assume an oval shape, in an axial cross-
section. The operable element 143" is adapted to main-
tain the first gear 144’ deflected, such that the teeth of
the first gear 144 are interengaged with the teeth of the
second gear 145 in two angularly spaced, diametrically
placed, positions P1’ and Pi". The two positions P1’ and
Pi" are interspaced by positions at which the teeth are
not interengaged, for example positions P2’ and P2". In
the embodiment of fig. 20c, when the teeth of the first
and second gears 144, 145 are interengaged in two po-
sitions, for the first gear 144 to be equally deflected, thus
forming an oval shape, the difference in the number of
teeth between the first gear 144 and the second gear 145
must be possible to divide by 2, such that the differing
number of gears can be evenly distributed amongst the
two areas between the first and second gears 144, 145
with positions in which the teeth of the first and second
gears 144, 145 are not interengaged. Mathematically this
can be expressed as if the first gear has x teeth, the
second gear must have x + n∗2 gears and the transmis-
sion provided by the gear system 140 is then calculated
as: transmission = x / (x + n∗2). In alternative embodi-
ments (not shown) the operable element may be an op-
erable element adapted to deflect the first gear 144 such
that the first and second gears 144, 145 are interengaged
at three, four or more positions, for the purpose of creat-
ing an even deflection of the first gear 144, the difference
in the number of teeth between the first gear 144 and the
second gear 145 must correspond to the number of con-
tacting portions. In a more general mathematical expres-
sion, the relation can be expressed such that the second
gear must have x + n ∗ m number of teeth, where n is a
constant selected based on the desired transmission and
m is the number of positions in which the teeth of the first
and second gears are interengaged.
[0308] Fig. 21a shows an embodiment in which the op-
erable element comprises a planet gear in which the force
input 142 comprises a central gear in connection with a
first and second planet gear 143’’’a, 143’’’b, which in turn
deflects the first gear 144 such that the teeth of the first
gear 144 interengages the teeth of the second gear 145
in a first and second position P1’, P1’. Analogously to
what was previously described with reference to fig. 20c,
for the first gear 144’ to be equally deflected, thus forming
an oval shape, the difference in the number of teeth be-
tween the first gear 144 and the second gear 145 must
be possible to divide by 2, such that the differing number
of gears can be evenly distributed amongst the two areas
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between the first and second gears 144, 145 with posi-
tions in which the teeth of the first and second gears 144,
145 are not interengaged.
[0309] The planetary gear of fig. 21a further increases
the transmission of the gear system with the transmission
resulting from the difference in the number of teeth be-
tween the central gear 142 and the planetary gears
143"’a, 143"’b, i.e. the total transmission of the gear sys-
tem 140 equals the transmission provided by the plane-
tary gear plus the transmission provided by the difference
in number of teeth between the first gear 144 and the
second gear 145.
[0310] Fig. 21b shows the gear system 140 in a sec-
tional side view. In the embodiment shown in fig. 21b,
the gear system 140 also comprises a third gear 146
analogously to the third gear described with reference to
fig. 20b, such that the third gear 146 rotates along with
the first gear and the interengaged positions P1’, P1’’.
The third gear 146 is in connection with a force output
149 of the gear system 140 by means of a radially ex-
tending connecting structure 147 for transferring force
from the third gear 146 to the force output 149.
[0311] Fig. 21c shows an alternative embodiment of
the planetary gear, in which the planetary gear only com-
prises one planet gear 143’’’a in connection with the cen-
tral gear 142. The embodiment functions similarly to the
embodiment described with reference to fig. 20a, the dif-
ference being that additional transmission is provided by
the planetary gear.
[0312] Fig. 21d shows an embodiment in which the
planetary gear comprises three planet gears 143’’’a,
143’’’b, 143’’’c, each deflecting the first gear 144’, such
that the first gear 144 is pressed against the second gear
145 in three angularly spaced (substantially with 120°
between each) contacting positions P1’, P1’’, P1’’’. Anal-
ogy to the other embodiments described, the difference
in the number of teeth between the first gear 144 and the
second gear 145 must correspond to the number of con-
tacting portions, i.e. in the embodiment shown in fig. 21d,
the difference must be possible to divide by three for the
first gear 144 to be evenly deflected.
[0313] In alternative embodiments, the gears of the
planetary gears in any of the embodiments described
with reference to figs. 21a - 21d are gears without teeth
and thus only uses friction to interengage each other.
The central gear is thus connected to, and propels, the
planet gears by means of a friction based connection.
[0314] The gear system 140 of any of the embodiment
in figs. 20a - 21d could for example be made of a metallic
material, plastic material or ceramic material. In one em-
bodiment, the gear system is made from non metallic
and/or non-magnetic material, such that the gear system
does not affect the energy transfer to an implantable en-
ergy receiver. The gear system may be lubricated with a
biocompatible lubricant, such as hyaluronic acid, and
may, for that purpose, be placed inside a reservoir adapt-
ed to hold a hydraulic fluid, which also may serve as a
lubricant. The gear system may be encapsulated by an

enclosure for preventing bodily fluids from affecting the
gear system and/or the in-growth of human tissue in the
gear system and/or the leakage of hydraulic and/or lu-
bricating fluids. The enclosure may be a non-metallic
and/or non-magnetic enclosure, such that the material
of the enclosure does not affect the ability of transferring
wireless energy to a wireless energy receiver of the op-
erable implant. The gear system may be encapsulated
separately, or may be encapsulated along with an elec-
trical motor of the operation device, or additional compo-
nents of the operation device.
[0315] Fig. 22 shows an embodiment of a control unit
20 with an operation device 110 comprising a hydraulic
pump in the form of a single reservoir 160 connected to
a fluid conduit 162. The control unit may for example be
used together with a valve member, such as for example
described with reference to fig. 3. The operation device
110 of fig. 22 comprises an implantable electrical motor
comprising coils 132 and magnets 133. Energizing of the
coils 132 generates a magnetic field by the electrical cur-
rent in the coil winding 132’ and the coil core 132", mag-
netically connecting with the magnets 133. The magnets
133 are fixated to a rotatable structure 135, such that
sequential energizing of the coils 132 propels the mag-
nets 133 and causes the rotatable structure 135 to rotate.
The magnetic connection between the coils 132 and the
magnets 133 is positioned in the periphery of the oper-
ation device 110 such that the generated torque should
be as large as possible. The rotatable structure 135 com-
prises a radially extending portion 147 transferring the
force generated by the coils 132 and magnets 133 in the
periphery of the operation device 110 to the force input
142 of the gear system in connection with the operable
elements 143"’a, 143’’’b. The operable elements engag-
es and deflects the first gear 144 of the gear system 140
such that the outside of the first gear 144 is pressed
against the inside of the second gear 145 such that the
teeth of the first gear 144 are interengaged with the teeth
of the second gear 145 in two positions interspaced by
positions at which the teeth are not interengaged. The
second gear 145 has a greater number of teeth than the
first gear 144, on the inside surface thereof, and the op-
eration of the operable element 143’’’a, 143"’b thus ad-
vances the interengaged positions and thereby causes
relative rotation between the first gear 144 and the sec-
ond gear 145.
[0316] The gear system further comprises a third gear
146 having the shape of a hollow cylinder. The inside of
the third gear 146 comprises the same amount of teeth
as the outside of the first gear 144, and the teeth of the
third gear 146 is adapted to interengage the teeth of the
first gear 144 such that the third gear 146 rotates in re-
lation to the second gear 145, along with the at least one
interengaged position. The third gear 146 is connected
to a radially extending portion 147 connecting the third
gear 146 and the centrally placed force output 149 of the
gear system.
[0317] Both the first 144, second 145 and third 146
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gears have smaller diameters than the portion of the ro-
tatable structure 135 at which the magnets 133 are fix-
ated, and smaller diameters than the portion of the en-
closure 111c fixating the coils 133. The gear system can
thus be placed inside of the electrical motor, such that
the coils 132 and magnets 133 axially overlaps the gear
system. The electrical motor and gear system being
placed in the same axial plane makes it possible to pack-
age the operation device 110 in a thin enclosure 111,
which for example makes the operation device 110 suit-
able for subcutaneous implantation.
[0318] The embodiment of the operation device de-
scribed with reference to fig. 22 comprises a threaded
member in the form of a worm shaft 441’ having a first
spiral groove in a first direction and a second spiral
groove in a second direction. The worm shaft 441’ is en-
gaged by an operable portion 446 connected to a radially
extending engaging member 444 in turn adapted to com-
press the reservoir 160. The rotation of the worm shaft
441’ causes reciprocation of the operable portion 446 in
the spiral grooves, by the operable portion 446 switching
from engaging the first spiral groove, to the operable por-
tion 446 engaging the second spiral groove at the end
portions of the worm shaft 441’. The worm shaft 441’
makes it possible to compress and expand the reservoir
160 with the electrical motor always rotating in the same
direction, which facilitates the control and makes it pos-
sible to optimize the motor, seals and bearings for a par-
ticular rotational direction.
[0319] In the operation device 110 fig. 22, the coils 132
are placed in a sealed space further comprising a ener-
gizing unit in the form of a battery 190, adapted to power
the electrical motor, and a control system 195 adapted
to control the electrical motor and/or additional operable
elements of the operable implant. The battery 190 and/or
control system 195 is in connection with a lead 192 con-
necting the battery 190 and/or control system 195 to a
wireless energy receiver and/or a wireless communica-
tion unit and/or an additional battery 190 for supplying
the operation device with additional energy. In alternative
embodiments, where the electrical motor is powered di-
rectly from a wireless energy receiver, the battery 190 is
only adapted to power the control system 195.
[0320] Fig. 23 shows a control unit 20 and operation
device 110 similar to the control unit 20 and operation
device 110 shown with reference to fig. 22, the difference
being that in the operation device in fig. 23, the magnets
133 are fixated to a rotatable structure 135 comprising a
radially extending portion 147 adapted to transfer the
force from the periphery of the rotatable structure 135 to
the center of the rotatable structure 135 below the elec-
trical motor and the gear system. The radially extending
portion 147 transferring force to the force input 142 of
the gear system, which in turn engages the operable el-
ements 143’’’a, 143’’’b.
[0321] In the embodiment of fig. 23, the coils 132 are
placed and sealed in an individual coil enclosure 131,
such that the coils 132 are further isolated from the bodily

fluids of the patient and/or from lubricating fluids used in
the gear system and/or from hydraulic fluids adapted to
transfer force from the reservoir 160 to a hydraulically
operable body engaging portion, through the fluid conduit
162.
[0322] Fig. 24 shows yet an alternative embodiment of
a control unit 20 and operation device 110 similar to the
control unit 20 and operation device 110 shown with ref-
erence to figs. 22 and 23. In the embodiment shown with
reference to fig. 24, the rotatable structure 135 compris-
ing the magnets 133 is adapted to be propelled by coils
132 mounted to a portion 111c of the enclosure 111 hav-
ing a peripheral diameter larger than the diameter of the
rotatable structure 135 where the magnets 133 are
mounted. The coils 132 are thus placed radially outside
the magnets 133 and are sealed from the rest of the op-
eration device 110 and from the bodily fluids of the patient
by means of a coil enclosure 131. The rotatable structure
135 is connected to a force input 142 in the center of the
rotatable structure, which in turn is adapted to engage
the operable elements 143’’’a, 143’’’b of the gear system
(as described in further detail in other embodiments here-
in). The embodiment shown in fig. 24 places all rotating
parts of the operation device 110 centrally in the opera-
tion device 110 which further insulates the rotating parts
of the operation device 110, such that noise created by
the moving parts are less likely to propagate through the
enclosure 111 of the operation device 110 and the body
of the patient.
[0323] Fig. 25 shows yet an alternative embodiment of
a control unit 20 and operation device 110 similar to the
control unit 20 and operation device 110 shown with ref-
erence to figs. 22, 23 and 24. In fig. 25 the magnets 133
are integrated in the operable elements 143"’a, 143’’’b
of the operation device 110. The operable elements
143"’a, 143’’’b are rotatably connected to a connecting
structure 143c and engages and deflects the first gear
144 of the gear system as the magnetic attraction force
generated by the coils sequentially attracts the magnets
133 propelling the operable elements 143"’a, 143"’b. The
portion of the operable elements 143’’’a, 143’’’b to which
the magnets 133 are connected have a larger diameter
than the portion of the operable elements 143’’’a, 143"’b
engaging the first gear 144 of the gear system, such that
the magnets 133 can be placed in close connection with
the coils 132. The distance between the coils 132 and
the magnets 133 could for example be as little as one of
50mm, 100mm, 200mm, 400mm, 600mm, 800mm, 1mm,
2mm, 3mm, or 5mm, depending on the overall dimen-
sions of the operation device 110 and the magnetic force
created by the coils 132.
[0324] Fig. 26 shows a more detailed view of an im-
plantable peristaltic pump 150’ adapted to pump and thus
transport a hydraulic fluid to a hydraulically restriction
element (not shown). The peristaltic pump 150’ could be
adapted to be connected to the force output of an elec-
trical motor and/or gear system, such as any of the motors
and/or gear systems disclosed herein. The implantable
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peristaltic pump 150’ comprises a deflectable hollow
member 152 for fluid transportation, in form of a tubing
made from a resilient material, such as an elastomeric
polymer material, such as silicone, Parylene® coated sil-
icone, NBR, Hypalon, Viton, PVC, EPDM, Polyurethane
or Natural Rubber. The deflectable hollow member 152
is adapted to be deflected by an operable compression
member 153a - 153c or wiper, adapted to engage and
compress the hollow member 152, and thus transport
the hydraulic fluid. The compression members 153a -
153c, are propelled by the motor/gear system connection
(not shown). The hollow member 152 is placed inside a
peristaltic pump housing 151, such that the hollow mem-
ber 152 is compressed between the operable compres-
sion members 153a - 153c. The peristaltic pump 150’
enables the hydraulic fluid to be completely separated
from the bodily fluids as the hollow member 152 is inte-
grated with the fluid conduit 162 conveying fluid to the
restriction elements (not shown), such that the hydraulic
fluid can be transported without the risk of leakage. In
the e
[0325] Fig. 27a and 27b shows a control unit 20 com-
prising an operation device 110 comprising a peristaltic
hydraulic pump 150’ similar to the peristaltic pump 150’
described with reference to fig. 26, for use in the any of
the restriction device disclosed herein. The difference
between the embodiment disclosed in fig. 26 and the
embodiment of fig. 27a and 27b is that the operable com-
pression members comprises rollers 153a’ - 153c’ rotat-
ably connected to a rotatable structure 155 propelled by
a force output 149 of the gear system 140. The gear
system 140 is in turn connected to an electrical motor
130 adapted to propel the gear system 140. The electrical
motor 130 is in the embodiment described in fig. 27a and
27b energized by a battery 190 and controlled by a control
system 195, both enclosed by the enclosure 111 enclos-
ing the control unit 20.
[0326] The rollers 153a’ - 153c’ sequentially compress-
es the hollow member 152 and thus transports fluid in
the hollow member 152. In fig. 27b the operation device
with the peristaltic pump 150’ is shown in section, such
that the hollow member 152 is shown in its noncom-
pressed state 152 and its compressed state 152’, when
the roller 153c’ compresses the hollow member 152’
against the housing 151 of the peristaltic pump 150’. The
electrical motor 130 and the gear system 140 could for
example be an electrical motor (130) and gear system
(140) described in any of the embodiments herein. As
the rollers 153a’ - 153c’ roll against the hollow member
152 they do not wear or rupture the hollow member 152
in the same way as a wiping or sliding operable compres-
sion member risks to do, which increases the life span
of the hollow member 152.
[0327] Fig. 28 shows an embodiment of an electrical
motor and a first and second gear system in an exploded
view. The embodiment may be integrated in the control
unit in any of the embodiments herein. The lowermost
piece is the static part of the operation device 110, com-

prising the second gear 145a of the first gear system and
the second gear 145b of the second gear system 145b.
The lowermost piece further comprises the coils 132 of
the electrical motor, comprising the coil cores 132" and
the coil windings 132’, and the coil enclosures 131, which
are adapted to hermetically enclose the coils 132, such
that the coils 132 are sealed from bodily fluids and/or
lubricants adapted to lubricate the first and/or second
gear system and/or hydraulic fluids for transferring force
from the operation device 110 to a hydraulically operable
body engaging portion of the operable implant (further
described in relation to other embodiments described
herein). Above the static part 132, 145a, 145b, the rotat-
able structure 135 is depicted. The rotatable structure
135 comprises the magnets 133 adapted to be in mag-
netic connection with the coils 132, such that sequential
energizing of the coils 132 propels the magnets 133 and
thus the rotatable structure 135 to which the magnets
133 are fixated. The rotatable structure 145 also com-
prises the force input 142a to the first gear system 140a,
which is adapted to propel the planetary gear 143’" being
the operable element 143:1 of the first gear system 140a,
by means of interengaging teeth or friction. The operable
element 143’" engages and deflects the first gear 144a
of the first gear system 140a such that the teeth 144t on
the outside of the first gear 144a interengage the teeth
145t on the inside of the second gear 145a of the first
gear system, being part of the static part. As the first gear
144a of the first gear system comprises fewer teeth 144t
than second gear 145b of the second gear system, the
interengaging position between the first and second
gears 144a, 145a are advanced, and as the third gear
146a of the first gear system comprises the same amount
of teeth 146t as the first gear 144a, the third gear 146a
moves along with the advancing positions. The third gear
146a of the first gear system is an integrated part of the
operable element 143:2 of the second gear system, thus
also comprising the force output 149b of the second gear
system, and a radially extending structure 147 connect-
ing the third gear 146a of the first gear system and the
rolling operable elements 143:2’ of the operable element
143:2.
[0328] The rolling operable elements 143:2’ of the op-
erable element 143:2 of the second gear system engages
and deflects the first gear 144b of the second gear sys-
tem, such that the second gear system propels the third
gear 146b of the second gear system analogously to the
first gear system. The third gear 146b of the second gear
system is integrated in a structure (the uppermost struc-
ture depicted) further comprising a radially extending el-
ement 147 connecting the third gear 146b the force out-
put 149b of the second gear system (and of the operation
device), such that the mechanical work generated by the
electrical motor 132, 133 can be outputted as rotational
force through the force output 149b.
[0329] In the embodiment shown in fig. 28 the first and
second gear systems have the same transmission. How-
ever, it is conceivable that the second gear system have

69 70 



EP 3 903 727 A1

37

5

10

15

20

25

30

35

40

45

50

55

a higher transmission than the first gear system, i.e. that
the gears of the second gear system has more teeth than
the gears of the first gear system, while the difference
between the number of teeth of the first and second gears
144a, 144b, 145a, 145b of the first and second gear sys-
tems are the same. For example, the first gear 144a of
the first gear system having 98 teeth, the second gear
145a of the first gear system having 100 teeth, the first
gear 144b of the second gear system having 198 teeth
and the second gear 144b of the second gear system
having 200 teeth, resulting in the first gear system having
a transmission of 1:50 (plus the transmission of the plan-
etary gear system provided by the operable element) and
the second gear system having a transmission of 1:100.
In some applications it may be advantageous that the
gears of the second gear system has the same number
of teeth as the gears of the first gear system (thus being
larger), as the gears of the second gear system is re-
quired to transfer higher force with lower velocity.
[0330] Fig. 29 shows an alternative embodiment of the
operation device 110 similar to the operation device de-
scribed with reference to fig. 28. The difference being the
first gear system 140a is the gear system placed in the
periphery, while the second gear system 140b is the gear
system placed centrally. The coils 132 in the embodiment
shown in fig. 29 are placed inside the rotatable structure
135 comprising the magnets 133. The rotatable structure
135 is in the embodiment shown in fig. 29 integrated with
the operable element 143:1 of the first gear system 140a.
The operable element 143:1, in the embodiment shown
in fig. 29 comprises a rolling operable element 143:1’
adapted to engage the inside of the first gear 144a for
deflecting the first gear 144a. The interengagement of
the first gear 144a and the third gear 146a of the first
gear system 140a propels the third gear 146a of the first
gear system 140a which is in connection with the force
input 142b adapted to propel the operable elements
143"’, in turn deflecting the first gear 144b of the second
gear system 140b, for propelling the third gear 146b of
the second gear system 140b, serving as force output
for the operation device 110. The structure 131, 145b
enclosing the coils 132 constitutes the static part of the
operation device 110 and is directly or indirectly connect-
ed to the second gear 145a of the first gear system 140a
such that the second gear 145a of the first gear system
140a is static along with the second gear 145b of the
second gear system 140b and the coil enclosure 131.
[0331] Fig. 30a shows an embodiment of an operation
device 110 which may be integrated in the control unit of
any of the embodiments herein. The operation device
110 of the embodiment of fig. 30a and 30b comprises an
operable reservoir 160 adapted to contain a hydraulic
fluid. The electrical motor and double gear system portion
of the operation device is similar to what is operation
device described with reference to figs. 28 and 29. How-
ever, the operation device of figs. 30a and 30b addition-
ally comprises a circular reservoir 160 encircling the op-
eration device 110. The circular reservoir 160 comprises

a movable wall portion adapted to compress and expand
the circular reservoir 160, thereby altering the volume of
the reservoir 160. The third gear 146b of the second gear
system, rotating along with the interengaging portions
between the first and second gears 144b, 145b is con-
nected to an operation spiral 472 adapted to engage a
radially fixed corresponding operation spiral 473, such
that the operation of the operation spiral 472 in relation
to the radially fixed operation spiral 473 moves the radi-
ally fixed operation spiral axially, such that the reservoir
160 is compressed.
[0332] Fig. 30a shows the operation device 110 in a
state in which the operation spiral 473 is aligned in rela-
tion to the corresponding radially fixated operation spiral,
such that the two spirals 472, 473 match and forms a
structure being as thin as possible and thus compressing
the reservoir 160 minimally i.e. the thinnest portion of the
operation spiral 472b engages the thickest portion of the
radially fixed operation spiral 473a.
[0333] Fig. 30b shows the operation device 110 in a
state in which the operation spiral 472 has performed
close to a full rotation, such that the thickest portion of
the operation spiral 472a engages the thickest portion of
the radially fixed operation spiral 473a, such that the two
spirals "mismatch" and forms a structure being as thick
as possible and thus compressing the reservoir 160 max-
imally. One revolution of the operation spiral 472 thus
alters the state of the reservoir 160 from being fully ex-
panded to fully compressed, which enables transporta-
tion of hydraulic fluid from the reservoir to the hydrauli-
cally operable body engaging portion by the operation
device 110.
[0334] The circular reservoir 160 is compressible by
means of a pleated portion 443 enabling the reservoir
160 to be made from a resilient but non-elastic material,
such as a nonelastomeric polymer material.
[0335] Fig. 31a and 31b shows an embodiment of an
operation device 110 similar to the embodiment of the
operation device 110 shown with reference to figs 30a
and 30b. The electrical motor 130 portion and the gear
systems 140 portions are identical. The difference in the
operation device is that the third gear 146 of the second
(outer) gear system is connected to radially operable op-
eration members 482a, 482b adapted to engage two res-
ervoirs 160a, 160b, each radially extending along sub-
stantially half the circumference of the operation device
110. The first and second radially extending reservoirs
160a, 160b comprises walls having pleated portions 442
enabling the compression of the reservoirs 160a, 160b
by the radial movement of the radially operable operation
members 482a, 482b. A first end 160a’ of the first reser-
voir 160a is connected to a first radially operable opera-
tion member 482a, and a second end 160a" of the first
reservoir 160a is connected to a first radially fixated mem-
ber 483a. Analogously, a first end 160b’ of the second
reservoir 160b is connected to a second radially operable
operation member 482b, and a second end 160b" of the
second reservoir 160b is connected to a second radially
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fixated member 483b. The first and second reservoirs
160a, 160b are compressed between the radially oper-
able operation members 482a, 482b and the radially fix-
ated members 483a, 483b, respectively, such that the
volume in the first and second reservoirs is changed. As
the volume in the reservoirs decrease, the fluid contained
in the reservoirs is transported from the reservoirs 160a,
160b to the body engaging portions via fluid conduits
162. The operation device of fig. 31a is connected to a
control unit 20 (such as any of the control units described
herein) by means of a lead 192 adapted to transfer energy
and/or information.
[0336] Fig. 32 shows a control unit 20 comprising an
implantable operation device 110 for operating a body
engaging portion of an operable hydraulic implant in sec-
tion. The control unit may be used for implantation in any
of the positions disclosed herein and may be connected
the restriction elements according to any of the embod-
iments herein. The operation device comprises a reser-
voir 160a for holding a hydraulic fluid. The reservoir 160a
comprises a movable wall portion 163a adapted to move
to alter the volume of the reservoir 160a and thereby
transport hydraulic fluid from the reservoir 160a to the
body engaging portion. The operation device further
comprising an operation member 444, extending radially
and being connected to the movable wall portion 163a,
such that operation of the operation member 444 alters
the volume of the reservoir 160a. The operation device
110 further comprises a flexible enclosure 111 adapted
to have its volume altered by changing the outer size and
shape of the enclosure and enclose the movable wall
portion 163a and the operation member 444. The mov-
able wall portion 163a is adapted to move inside of the
enclosure 111, such that the volume of the reservoir 160a
can be changed by affecting the outer dimensions of the
operation device 110 to a lesser extent and in the oppo-
site direction than the change of volume of the reservoir
160a by the movement of the movable wall portion 163a
inside of the enclosure 111. The reservoir 160a further
comprises a manual portion (reservoir) 160b comprising
a movable wall portion 163c adapted to be compressed
by manual force from outside of the body of the patient,
such that fluid can be transported from the reservoir 160b
via a second fluid conduit 162b to the body engaging
portion by means of manual force, for temporarily in-
creasing the hydraulic pressure at the body engaging
portion. The manual portion 160b could for example be
used in emergencies if an implantable battery runs out
of power, or if a patient would like to override an automatic
system.
[0337] In further detail, the hydraulic operation 110 de-
vice shown in fig. 32 comprises an electrical motor 130,
which in the embodiment shown is an alternating current
(AC) electrical motor comprising a plurality of coils 132
connected to a static structure, and a plurality of magnets
133 connected to a rotatable structure 135. The plurality
of coils 132 and plurality of magnets 133 are magnetically
connected such sequential energizing of the coils 132

propels the magnets 133 and thus the rotatable structure
135. The peripheral surface of the rotatable structure 135
comprises or acts like a pulley 138a engaging a belt 137,
such that operation of the electrical motor 130 propels
the belt 137.
[0338] The belt 137 is further connected to a second
pulley 138b connected to a radially extending portion 147
connecting the pulley 138a to a force input 142 of a gear
system 140, being the gear system described in several
embodiments herein. The force input 142 propels the op-
erable elements 143’’’, which in turn engages and de-
flects the first gear 144 having teeth interengaging the
second gear 145 and third gear 146. The first gear 144
having less teeth than the second gear 145 creating a
rotation of the interengaging positions between the first
and second gears 144, 145. The third gear 146 has the
same amount of teeth as the first gear 144 and thus ro-
tates along with the interengaged positions. The third
gear 146 is connected to the force output 149 of the gear
system 140 by means of a radially extending portion 147.
The force output 149 is a threaded shaft adapted to en-
gage inner threads of a threaded member 441 of a radially
extending operation member 444 adapted to engage a
movable wall portion 163a of the reservoir 160a. The
interaction between the threaded shaft 149 and the
threaded member 441 transforms the radially rotating
force generated by the operation of the gear system 140,
to a linear, axially reciprocating force. The average thick-
ness of the movable wall portion 163a is less than the
average thickness of the movable outer wall portion 163b
of the reservoir 160a. The reservoir 160a is connected
to a fluid conduit 162a for transporting fluid from the fluid
reservoir 160a to the body engaging portion of the hy-
draulically operable implant 110.
[0339] The radially extending operation member 444
presses the movable wall portion 163a upwards for com-
pressing the fluid reservoir 160a, a vacuum is created
beneath the radially extending operation member 444
which forces the outer movable wall 163b to move down-
wards thus compresses the reservoir 160a from the out-
side. The operation thus changes the external size of the
operation device 110 by moving a movable wall 163a
within the operation device 110.
[0340] Placed coaxially and on top of the reservoir
160a is a second manual reservoir 160b. The manual
reservoir 160b is enclosed by the wall of the first reservoir
160a and an external movable wall 163c adapted to be
compressed by manual operation from the outside of the
body of the patient. The second manual reservoir 160b
comprises a second fluid conduit 162b adapted to con-
nect the second manual reservoir 160b to the body en-
gaging portion, such that manual compression of the res-
ervoir 160b transports fluid from the second manual res-
ervoir 160b to the body engaging portion. The manual
portion could for example be used in emergencies if an
implantable battery runs out of power, or if a patient would
like to override an automatic system.
[0341] In alternative embodiments, the implantable op-
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eration device 110 may additionally comprise an injection
port for injecting hydraulic fluid into the reservoir from
outside the body of the patient. The injection port may
be an integrated portion of the reservoir or may be con-
nected to the reservoir by means of a fluid conduit. The
injection port may be adapted to refill or calibrate the fluid
amount in the first reservoir and/or in the manual reservoir
160b.
[0342] The control unit may be implanted subcutane-
ously and may additionally comprise a fixation member
(such as the fixations member described with reference
to figs. 43a - 43e) adapted to directly or indirectly fixate
at least a portion of the implantable operation device to
at least one muscular fascia and/or at least one bone
fascia and/or at least one cortical bone layer and/or at
least one muscular layer and/or fibrotic tissue and/or any
part of the abdominal wall and/or any part of the subcu-
taneous space and its surroundings in the body.
[0343] In alternative embodiments, the electrical motor
130 of the operation device may be an electrical motor
selected from: an alternating current (AC) electrical mo-
tor, a direct current electrical motor, a linear electrical
motor, an axial electrical motor, a piezo-electric motor, a
two or more phase motor, a three phase motor, a bimetal
motor, and a memory metal motor.
[0344] Fig. 33a shows the control unit 20 shown in fig.
32 in an external view, when the reservoirs (160a, 160b
in fig. 32) are fully expanded i.e. the movable walls 163b,
163c are not compressed. The enclosure 111 is made
from a resilient polymer material, such as Parylene®
coated silicone. In addition to the first and second fluid
conduits 162a, 162b penetrating the enclosure 111, the
enclosure 111 further comprises a lead inlet 192i for al-
lowing an electrical lead to penetrate the enclosure 111
for powering the electrical motor (130 of fig. 32). The
electrical lead may be connected to a battery located
outside of the enclosure 111, or a receiving unit for re-
ceiving wireless energy (further disclosed in other em-
bodiments herein) located outside of the enclosure 111.
[0345] Fig. 33b shows the hydraulic operation device
110 in its fully compressed state, when the volumes of
both the first and second reservoirs are compressed to
a minimum. In the embodiment shown, the peripheral
side wall of the first reservoir (160a of fig. 32) comprises
a pleated portion 443 adapted to enable the compression
of the first reservoir.
[0346] The different aspects or any part of an aspect
or different embodiments or any part of an embodiment
may all be combined in any possible way. Any method
or any step of method may be seen also as an apparatus
description, as well as, any apparatus embodiment, as-
pect or part of aspect or part of embodiment may be seen
as a method description and all may be combined in any
possible way down to the smallest detail. Any detailed
description should be interpreted in its broadest outline
as a general summary description, and please note that
any embodiment or part of embodiment as well as any
method or part of method could be combined in any way.

All examples herein should be seen as part of the general
description and therefore possible to combine in any way
in general terms.

NUMBERED EMBODIMENTS

[0347] In the following, exemplifying numbered em-
bodiments are provided in groups A, B and C and num-
bered within that group. The numbered embodiments are
not to be seen as limiting the scope of the invention, which
is defined by the appended claims. The reference nu-
merals in the different numbered embodiments are to be
seen only as examples of elements in the appended
drawings which correspond to elements described in the
numbered embodiments.
[0348] Numbered embodiment A 1 - 32:

1. A hydraulic implantable restriction device for re-
stricting a luminary organ of a patient, the hydraulic
implantable restriction device comprising:

• a first hydraulic restriction element adapted to
restrict a first portion of the luminary organ, and

• a second hydraulic restriction element adapted
to restrict a second portion of the luminary organ,
and

• a control unit adapted to control the first and sec-
ond restriction elements for automatically
switching between restricting the first and sec-
ond portion of the luminary organ, for creating a
less damaging restriction, wherein the control
unit is adapted to automatically switch between
restricting the first and second portion of the lu-
minary organ on the basis of at least one of:

+ a lapsed time being between 10 minutes
and 6 months, and
+ the patient using the function of the restrict-
ed luminary organ.

2. The implantable hydraulic restriction device ac-
cording to embodiment 1, wherein the implantable
restriction device is adapted to restrict a luminary
organ of the patient selected from a list consisting of:

• an intestine of the patient,
• a blood vessel of the patient,
• the urethra of the patient,
• the vas deference of the patient,
• the stomach of the patient,
• the esophagus of the patient,
• the anal sphincter,
• the cardia sphincter,
• the urinary sphincter,
• and
• the oviducts of the patient.
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3. The implantable hydraulic restriction device ac-
cording to any one of embodiments 1 - 2, wherein
the receipt of a control signal is the receipt of a control
signal generated on the basis of a sensor input.

4. The implantable hydraulic restriction device ac-
cording to any one of embodiments 1 - 3, wherein
the control signal is transmitted from outside of the
body of the patient.

5. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising an implantable fluid reservoir and
a first fluid conduit connecting the fluid reservoir to
the first restriction element, and a second fluid con-
duit connecting the fluid reservoir to the second re-
striction element.

6. The implantable hydraulic restriction device ac-
cording to embodiment 5, wherein the implantable
fluid reservoir comprises at least one moveable wall
portion for changing the volume of the implantable
fluid reservoir and thereby moving fluid from the im-
plantable fluid reservoir to the first and second re-
striction elements.

7. The implantable hydraulic restriction device ac-
cording to embodiment 5, further comprising a hy-
draulic pump, for pumping fluid from the implantable
reservoir to at least one of the first and second re-
striction element.

8. The implantable hydraulic restriction device ac-
cording to embodiment 7, wherein the hydraulic
pump is a hydraulic pump selected from:

• at least one reservoir acting as a pump by a wall
of the reservoir moving,

• at least one reservoir acting as a pump by chang-
ing volume,

• at least one non-valve pump,
• at least one valve pump,
• at least one peristaltic pump,
• at least one membrane pump,
• at least one gear pump, and
• at least one bellows pump.

9. The implantable hydraulic restriction device ac-
cording to any one of embodiments 5 - 8, further
comprising an implantable valve member for direct-
ing fluid from the implantable reservoir to the first or
second restriction element.

10. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 and 8, further
comprising at least one motor for operating at least
one of:

• the movable wall portion according to embodi-
ment 6,

• the implantable pump according to embodiment
7, and

• the implantable valve member according to em-
bodiment 8.

11. The implantable hydraulic restriction device ac-
cording to embodiment 10, wherein the motor com-
prises an electrical motor selected from:

• an alternating current (AC) electrical motor,
• a direct current (DC) electrical motor,
• a linear electrical motor,
• an axial electrical motor,
• a piezo-electric motor,
• a three-phase motor
• a more than one-phase motor
• a bimetal motor, and
• a memory metal motor.

12. The implantable hydraulic restriction device ac-
cording to any one of embodiments 10 - 11, further
comprising a gear system placed between the motor
and at least one of:

• the movable wall portion according to embodi-
ment 6,

• the implantable pump according to embodiment
7, and

• the implantable valve member according to em-
bodiment 9.

13. The implantable hydraulic restriction device ac-
cording to embodiment 12, wherein the gear system
comprises:

• an operable element,
• a first gear having the shape of a hollow cylinder,

comprising a first number of teeth, on the pe-
ripheral outside thereof, and

• a second gear having the shape of a hollow cyl-
inder, comprising a greater number of teeth than
the first gear, on the inside surface thereof,
wherein the operable element is adapted to en-
gage the inside of the first gear, such that the
outside of the first gear is pressed against the
inside of the second gear such that the teeth of
the first gear are interengaged with the teeth of
the second gear in at least one position inter-
spaced by positions at which the teeth are not
interengaged, and wherein the operation of the
operable element advances the positions and
thereby causes relative rotation between the
first gear and the second gear.

14. The implantable hydraulic restriction device ac-
cording to embodiment 13, wherein the operable el-
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ement comprises at least one of; a planetary gear
and a structure or wheel at least partly using friction
to interconnect with the first gear.

15. The implantable hydraulic restriction device ac-
cording to any one of embodiments 5 - 14, further
comprising a threaded member arranged to move
the wall portion of the reservoir, and wherein the
threaded member is connected to at least one of:

• the motor of any of embodiment 10 and 11,
• the gear system of any of embodiment 12 - 14,

for transferring a rotating force to a reciprocating
force for moving the wall portion.

16. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 - 15, further
comprising an injection port for supplying fluid to the
reservoir.

17. The implantable hydraulic restriction device ac-
cording to any one of embodiments 10 - 16, further
comprising a servo connected between the motor
and at least one of the:

• the movable wall portion of embodiment 6,
• the implantable pump of any of embodiments 7

and 8, and
• the implantable valve member of embodiment 9.

18. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
wherein at least one of the first and second restriction
elements is elongated and adapted to form a closed
loop around the portion of the luminary organ.

19. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 - 18, wherein
the hydraulic pump is a peristaltic hydraulic pump,
and wherein the hydraulic peristaltic pump compris-
es a hollow member for fluid transportation, and an
operable compression member adapted to engage
and compress the hollow member, and wherein the
compression member is in direct or indirect connec-
tion with the motor such that motor operates the com-
pression member such that fluid is transported in the
hollow member.

20. The implantable hydraulic restriction device of
embodiment 19, wherein the hollow member of the
peristaltic pump forms a loop or part of a loop adapt-
ed to at least partially encircle at least one of the gear
system and the motor in at least partially the same
axial plane, and wherein the motor is adapted to pro-
pel the compressing member such that the compres-
sion member compresses the hollow member to-
wards the outer periphery of the loop or part of loop.

21. The implantable hydraulic restriction device ac-
cording to any one of embodiments 15 - 20, wherein
the movement of the movable wall portion of the fluid
reservoir by the threaded member in a first direction
moves fluid from the fluid reservoir to the first hy-
draulic restriction element, and wherein movement
of the movable wall portion of the fluid reservoir by
the threaded member in a second direction moves
fluid from the fluid reservoir to the second hydraulic
restriction element.

22. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising an implantable energizing unit for
providing energy to any energy consuming compo-
nents of the device to be implanted in the patient.

23. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, fur-
ther comprising a wireless energy receiver, adapted
to receive wireless energy from a wireless energy
transmission device transmitting wireless energy
from outside the patient’s body to any energy con-
suming implantable component of the device includ-
ing the implantable energizing unit of embodiment
22.

24. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, com-
prising a wireless energy transmission for wireless
transfer of energy from outside the patient’s body to
any energy consuming implantable component of
the device or to the implantable energizing unit of
embodiment 22.

25. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising a first implantable fluid reservoir
and a first fluid conduit connecting the fluid reservoir
to the first restriction element, and a second implant-
able fluid reservoir, a second fluid conduit connecting
the second fluid reservoir to the second restriction
element.

26. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
wherein the second fluid reservoir comprising a di-
viding part of the first reservoir.

27. The implantable hydraulic restriction device ac-
cording to embodiment 25, wherein at least one of;
the implantable first reservoir comprises at least one
moveable wall portion for changing the volume of
the implantable first fluid reservoir and thereby mov-
ing fluid from the implantable first fluid reservoir to
the first elements, and
the implantable second reservoir comprises at least
one moveable wall portion for changing the volume

79 80 



EP 3 903 727 A1

42

5

10

15

20

25

30

35

40

45

50

55

of the implantable second fluid reservoir and thereby
moving fluid from the implantable second fluid res-
ervoir to the second elements.

28. The implantable hydraulic restriction device ac-
cording to embodiment 25, wherein the at least one
moveable wall portion is adapted to change the vol-
ume of both the first and second fluid reservoirs for
changing the volume to; increase the volume of the
implantable first fluid reservoir, when the volume of
the implantable second fluid reservoir is decreasing,
and decrease the volume of the implantable first fluid
reservoir, when the volume of the implantable sec-
ond fluid reservoir is increasing.

29. The implantable hydraulic restriction device ac-
cording to embodiment 25, further comprising at
least one of;
a hydraulic pump, for pumping fluid from the first im-
plantable reservoir to the first restriction element,
a hydraulic pump, for pumping fluid from the second
implantable reservoir to the second restriction ele-
ment, and
a hydraulic pump, for pumping fluid between the first
and second implantable reservoir.

30. The implantable hydraulic restriction device ac-
cording to embodiment 25, wherein the implantable
first and second fluid reservoirs is divided by at least
one moveable piston for changing the volume of the
implantable fluid reservoirs and thereby increasing
fluid in the first fluid reservoir simultaneously with
decreasing fluid in the second fluid reservoir and vice
versa.

31. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, com-
prising a control signal coming from outside the body
to control the device, consisting of at least one of; a
signal that overrides the automatic switching, an au-
tomatic executed signal, or a programming signal to
program the terms for the automatic switching.

32. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, com-
prising a control signal consisting of a signal gener-
ated inside the body, to control the device, compris-
ing at least one of; a signal that overrides the auto-
matic switching, an automatic executed signal, a
measured parameter, a calculated parameter, a
functional parameter of the device, a physiological
or physical parameter of the patient, and an input
from any sensor.

[0349] Numbered embodiment B 1 - 32:

1. A hydraulic implantable restriction device for re-
stricting a luminary organ of a patient, the hydraulic

implantable restriction device comprising:

• a first hydraulic restriction element adapted to
restrict a first portion of the luminary organ, and

• a second hydraulic restriction element adapted
to restrict a second portion of the luminary organ,
and

• a control unit adapted to control the first and sec-
ond restriction elements for automatically
switching between restricting the first and sec-
ond portion of the luminary organ, for creating a
less damaging restriction, wherein the control
unit is adapted to automatically switch between
restricting the first and second portion of the lu-
minary organ on the basis of the receipt of a
control signal.

2. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments,
wherein any control signal coming from outside the
body consists of at least one of; a signal that over-
rides the automatic switching, an automatic execut-
ed signal, or a programming signal to program the
terms for the automatic switching.

3. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments,
wherein the control signal consists of a signal gen-
erated inside the body, comprising at least one of; a
signal that overrides the automatic switching, an au-
tomatic executed signal, a measured parameter, a
calculated parameter, a functional parameter of the
device, a physiological or physical parameter of the
patient, and an input from any sensor.

4. The implantable hydraulic restriction device ac-
cording to any one of embodiments 1 - 3, wherein
the implantable restriction device is adapted to re-
strict a luminary organ of the patient selected from
a list consisting of:

• an intestine of the patient,
• a blood vessel of the patient,
• the urethra of the patient,
• the vas deference of the patient,
• the stomach of the patient,
• the esophagus of the patient,
• the anal sphincter,
• the cardia sphincter,
• the urinary sphincter,
• and
• the oviducts of the patient.

5. The implantable hydraulic restriction device ac-
cording to any one of embodiments 1 - 4, wherein
the receipt of a control signal is the receipt of a control
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signal generated on the basis of a sensor input.

6. The implantable hydraulic restriction device ac-
cording to any one of embodiments 1 - 5, wherein
the control signal is transmitted from outside of the
body of the patient.

7. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising an implantable fluid reservoir and
a first fluid conduit connecting the fluid reservoir to
the first restriction element, and a second fluid con-
duit connecting the fluid reservoir to the second re-
striction element.

8. The implantable hydraulic restriction device ac-
cording to embodiment 7, wherein the implantable
fluid reservoir comprises at least one moveable wall
portion for changing the volume of the implantable
fluid reservoir and thereby moving fluid from the im-
plantable fluid reservoir to the first and second re-
striction elements.

9. The implantable hydraulic restriction device ac-
cording to embodiment 7, further comprising a hy-
draulic pump, for pumping fluid from the implantable
reservoir to at least one of the first and second re-
striction element.

10. The implantable hydraulic restriction device ac-
cording to embodiment 9, wherein the hydraulic
pump is a hydraulic pump selected from:

• at least one reservoir acting as a pump by a wall
of the reservoir moving,

• at least one reservoir acting as a pump by chang-
ing volume,

• at least one non-valve pump,
• at least one valve pump,
• at least one peristaltic pump,
• at least one membrane pump,
• at least one gear pump, and
• at least one bellows pump.

11. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 - 10, further
comprising an implantable valve member for direct-
ing fluid from the implantable reservoir to the first or
second restriction element.

12. The implantable hydraulic restriction device ac-
cording to any one of embodiments 9 and 10, further
comprising at least one motor for operating at least
one of:

• the movable wall portion according to embodi-
ment 8,

• the implantable pump according to embodiment

9, and
• the implantable valve member according to em-

bodiment 10.

13. The implantable hydraulic restriction device ac-
cording to embodiment 12, wherein the motor com-
prises an electrical motor selected from:

• an alternating current (AC) electrical motor,
• a direct current (DC) electrical motor,
• a linear electrical motor,
• an axial electrical motor,
• a piezo-electric motor,
• a three-phase motor
• a more than one-phase motor
• a bimetal motor, and
• a memory metal motor.

14. The implantable hydraulic restriction device ac-
cording to any one of embodiments 12 - 13, further
comprising a gear system placed between the motor
and at least one of:

• the movable wall portion according to embodi-
ment 8,

• the implantable pump according to embodiment
9, and

• the implantable valve member according to em-
bodiment 11.

15. The implantable hydraulic restriction device ac-
cording to embodiment 14, wherein the gear system
comprises:

• an operable element,
• a first gear having the shape of a hollow cylinder,

comprising a first number of teeth, on the pe-
ripheral outside thereof, and

• a second gear having the shape of a hollow cyl-
inder, comprising a greater number of teeth than
the first gear, on the inside surface thereof,
wherein the operable element is adapted to en-
gage the inside of the first gear, such that the
outside of the first gear is pressed against the
inside of the second gear such that the teeth of
the first gear are interengaged with the teeth of
the second gear in at least one position inter-
spaced by positions at which the teeth are not
interengaged, and wherein the operation of the
operable element advances the positions and
thereby causes relative rotation between the
first gear and the second gear.

16. The implantable hydraulic restriction device ac-
cording to embodiment 15, wherein the operable el-
ement comprises at least one of; a planetary gear
and a structure or wheel at least partly using friction
to interconnect with the first gear.
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17. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 - 16, further
comprising a threaded member arranged to move
the wall portion of the reservoir, and wherein the
threaded member is connected to at least one of:

• the motor of any of embodiment 12 and 13,
• the gear system of any of embodiment 14 - 16,

for transferring a rotating force to a reciprocating
force for moving the wall portion.

18. The implantable hydraulic restriction device ac-
cording to any one of embodiments 9 - 17, further
comprising an injection port for supplying fluid to the
reservoir.

19. The implantable hydraulic restriction device ac-
cording to any one of embodiments 12 - 18, further
comprising a servo connected between the motor
and at least one of the:

• the movable wall portion of embodiment 8,
• the implantable pump of any of embodiments 9

and 10, and
• the implantable valve member of embodiment

11.

20. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
wherein at least one of the first and second restriction
elements is elongated and adapted to form a closed
loop around the portion of the luminary organ.

21. The implantable hydraulic restriction device ac-
cording to any one of embodiments 9 - 20, wherein
the hydraulic pump is a peristaltic hydraulic pump,
and wherein the hydraulic peristaltic pump compris-
es a hollow member for fluid transportation, and an
operable compression member adapted to engage
and compress the hollow member, and wherein the
compression member is in direct or indirect connec-
tion with the motor such that motor operates the com-
pression member such that fluid is transported in the
hollow member.

22. The implantable hydraulic restriction device of
embodiment 21, wherein the hollow member of the
peristaltic pump forms a loop or part of a loop adapt-
ed to at least partially encircle at least one of the gear
system and the motor in at least partially the same
axial plane, and wherein the motor is adapted to pro-
pel the compressing member such that the compres-
sion member compresses the hollow member to-
wards the outer periphery of the loop or part of loop.

23. The implantable hydraulic restriction device ac-
cording to any one of embodiments 17 - 22, wherein

the movement of the movable wall portion of the fluid
reservoir by the threaded member in a first direction
moves fluid from the fluid reservoir to the first hy-
draulic restriction element, and wherein movement
of the movable wall portion of the fluid reservoir by
the threaded member in a second direction moves
fluid from the fluid reservoir to the second hydraulic
restriction element.

24. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising an implantable energizing unit for
providing energy to any energy consuming compo-
nents of the device to be implanted in the patient.

25. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, fur-
ther comprising a wireless energy receiver, adapted
to receive wireless energy from a wireless energy
transmission device transmitting wireless energy
from outside the patient’s body to any energy con-
suming implantable component of the device includ-
ing the implantable energizing unit of embodiment
24.

26. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, com-
prising a wireless energy transmission for wireless
transfer of energy from outside the patient’s body to
any energy consuming implantable component of
the device or to the implantable energizing unit of
embodiment 24.

27. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising a first implantable fluid reservoir
and a first fluid conduit connecting the fluid reservoir
to the first restriction element, and a second implant-
able fluid reservoir, a second fluid conduit connecting
the second fluid reservoir to the second restriction
element.

28. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
wherein the second fluid reservoir comprising a di-
viding part of the first reservoir.

29. The implantable hydraulic restriction device ac-
cording to embodiment 27, wherein at least one of;
the implantable first reservoir comprises at least one
moveable wall portion for changing the volume of
the implantable first fluid reservoir and thereby mov-
ing fluid from the implantable first fluid reservoir to
the first elements, and
the implantable second reservoir comprises at least
one moveable wall portion for changing the volume
of the implantable second fluid reservoir and thereby
moving fluid from the implantable second fluid res-
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ervoir to the second elements.

30. The implantable hydraulic restriction device ac-
cording to embodiment 27, wherein the at least one
moveable wall portion is adapted to change the vol-
ume of both the first and second fluid reservoirs for
changing the volume to; increase the volume of the
implantable first fluid reservoir, when the volume of
the implantable second fluid reservoir is decreasing,
and decrease the volume of the implantable first fluid
reservoir, when the volume of the implantable sec-
ond fluid reservoir is increasing.

31. The implantable hydraulic restriction device ac-
cording to embodiment 27, further comprising at
least one of;
a hydraulic pump, for pumping fluid from the first im-
plantable reservoir to the first restriction element,
a hydraulic pump, for pumping fluid from the second
implantable reservoir to the second restriction ele-
ment, and
a hydraulic pump, for pumping fluid between the first
and second implantable reservoir.

32. The implantable hydraulic restriction device ac-
cording to embodiment 27, wherein the implantable
first and second fluid reservoirs is divided by at least
one moveable piston for changing the volume of the
implantable fluid reservoirs and thereby increasing
fluid in the first fluid reservoir simultaneously with
decreasing fluid in the second fluid reservoir and vice
versa.

[0350] Numbered embodiment C 1 - 32:

1. A hydraulic implantable restriction device for re-
stricting a luminary organ of a patient, the hydraulic
implantable restriction device comprising:

• a first hydraulic restriction element adapted to
restrict a first portion of the luminary organ, and

• a second hydraulic restriction element adapted
to restrict a second portion of the luminary organ,
and

• a control unit adapted to control the first and sec-
ond restriction elements for automatically
switching between restricting the first and sec-
ond portion of the luminary organ, for creating a
less damaging restriction, wherein the control
unit is adapted to automatically switch between
restricting the first and second portion of the lu-
minary organ on the basis of at least one of:

+ a lapsed time being between 10 minutes
and 6 months, and
+ the patient using the function of the restrict-

ed luminary organ.

2. The implantable hydraulic restriction device ac-
cording to embodiment 1, wherein the implantable
restriction device is adapted to restrict a luminary
organ of the patient selected from a list consisting of:

• an intestine of the patient,
• a blood vessel of the patient,
• the urethra of the patient,
• the vas deference of the patient,
• the stomach of the patient,
• the esophagus of the patient,
• the anal sphincter,
• the cardia sphincter,
• the urinary sphincter,
• and
• the oviducts of the patient.

3. The implantable hydraulic restriction device ac-
cording to any one of embodiments 1 - 2, wherein
the receipt of a control signal is the receipt of a control
signal generated on the basis of a sensor input.

4. The implantable hydraulic restriction device ac-
cording to any one of embodiments 1 - 3, wherein
the control signal is transmitted from outside of the
body of the patient.

5. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising an implantable fluid reservoir and
a first fluid conduit connecting the fluid reservoir to
the first restriction element, and a second fluid con-
duit connecting the fluid reservoir to the second re-
striction element.

6. The implantable hydraulic restriction device ac-
cording to embodiment 5, wherein the implantable
fluid reservoir comprises at least one moveable wall
portion for changing the volume of the implantable
fluid reservoir and thereby moving fluid from the im-
plantable fluid reservoir to the first and second re-
striction elements.

7. The implantable hydraulic restriction device ac-
cording to embodiment 5, further comprising a hy-
draulic pump, for pumping fluid from the implantable
reservoir to at least one of the first and second re-
striction element.

8. The implantable hydraulic restriction device ac-
cording to embodiment 7, wherein the hydraulic
pump is a hydraulic pump selected from:

• at least one reservoir acting as a pump by a wall
of the reservoir moving,

• at least one reservoir acting as a pump by chang-
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ing volume,
• at least one non-valve pump,
• at least one valve pump,
• at least one peristaltic pump,
• at least one membrane pump,
• at least one gear pump, and
• at least one bellows pump.

9. The implantable hydraulic restriction device ac-
cording to any one of embodiments 5 - 8, further
comprising an implantable valve member for direct-
ing fluid from the implantable reservoir to the first or
second restriction element.

10. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 and 8, further
comprising at least one motor for operating at least
one of:

• the movable wall portion according to embodi-
ment 6,

• the implantable pump according to embodiment
7, and

• the implantable valve member according to em-
bodiment 8.

11. The implantable hydraulic restriction device ac-
cording to embodiment 10, wherein the motor com-
prises an electrical motor selected from:

• an alternating current (AC) electrical motor,
• a direct current (DC) electrical motor,
• a linear electrical motor,
• an axial electrical motor,
• a piezo-electric motor,
• a three-phase motor
• a more than one-phase motor
• a bimetal motor, and
• a memory metal motor.

12. The implantable hydraulic restriction device ac-
cording to any one of embodiments 10 - 11, further
comprising a gear system placed between the motor
and at least one of:

• the movable wall portion according to embodi-
ment 6,

• the implantable pump according to embodiment
7, and

• the implantable valve member according to em-
bodiment 9.

13. The implantable hydraulic restriction device ac-
cording to embodiment 12, wherein the gear system
comprises:

• an operable element,
• a first gear having the shape of a hollow cylinder,

comprising a first number of teeth, on the pe-
ripheral outside thereof, and

• a second gear having the shape of a hollow cyl-
inder, comprising a greater number of teeth than
the first gear, on the inside surface thereof,
wherein the operable element is adapted to en-
gage the inside of the first gear, such that the
outside of the first gear is pressed against the
inside of the second gear such that the teeth of
the first gear are interengaged with the teeth of
the second gear in at least one position inter-
spaced by positions at which the teeth are not
interengaged, and wherein the operation of the
operable element advances the positions and
thereby causes relative rotation between the
first gear and the second gear.

14. The implantable hydraulic restriction device ac-
cording to embodiment 13, wherein the operable el-
ement comprises at least one of; a planetary gear
and a structure or wheel at least partly using friction
to interconnect with the first gear.

15. The implantable hydraulic restriction device ac-
cording to any one of embodiments 5 - 14, further
comprising a threaded member arranged to move
the wall portion of the reservoir, and wherein the
threaded member is connected to at least one of:

• the motor of any of embodiment 10 and 11,
• the gear system of any of embodiment 12 - 14,

for transferring a rotating force to a reciprocating
force for moving the wall portion.

16. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 - 15, further
comprising an injection port for supplying fluid to the
reservoir.

17. The implantable hydraulic restriction device ac-
cording to any one of embodiments 10 - 16, further
comprising a servo connected between the motor
and at least one of the:

• the movable wall portion of embodiment 6,
• the implantable pump of any of embodiments 7

and 8, and
• the implantable valve member of embodiment 9.

18. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
wherein at least one of the first and second restriction
elements is elongated and adapted to form a closed
loop around the portion of the luminary organ.

19. The implantable hydraulic restriction device ac-
cording to any one of embodiments 7 - 18, wherein

89 90 



EP 3 903 727 A1

47

5

10

15

20

25

30

35

40

45

50

55

the hydraulic pump is a peristaltic hydraulic pump,
and wherein the hydraulic peristaltic pump compris-
es a hollow member for fluid transportation, and an
operable compression member adapted to engage
and compress the hollow member, and wherein the
compression member is in direct or indirect connec-
tion with the motor such that motor operates the com-
pression member such that fluid is transported in the
hollow member.

20. The implantable hydraulic restriction device of
embodiment 19, wherein the hollow member of the
peristaltic pump forms a loop or part of a loop adapt-
ed to at least partially encircle at least one of the gear
system and the motor in at least partially the same
axial plane, and wherein the motor is adapted to pro-
pel the compressing member such that the compres-
sion member compresses the hollow member to-
wards the outer periphery of the loop or part of loop.

21. The implantable hydraulic restriction device ac-
cording to any one of embodiments 15 - 20, wherein
the movement of the movable wall portion of the fluid
reservoir by the threaded member in a first direction
moves fluid from the fluid reservoir to the first hy-
draulic restriction element, and wherein movement
of the movable wall portion of the fluid reservoir by
the threaded member in a second direction moves
fluid from the fluid reservoir to the second hydraulic
restriction element.

22. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising an implantable energizing unit for
providing energy to any energy consuming compo-
nents of the device to be implanted in the patient.

23. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, fur-
ther comprising a wireless energy receiver, adapted
to receive wireless energy from a wireless energy
transmission device transmitting wireless energy
from outside the patient’s body to any energy con-
suming implantable component of the device includ-
ing the implantable energizing unit of embodiment
22.

24. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, com-
prising a wireless energy transmission for wireless
transfer of energy from outside the patient’s body to
any energy consuming implantable component of
the device or to the implantable energizing unit of
embodiment 22.

25. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
further comprising a first implantable fluid reservoir

and a first fluid conduit connecting the fluid reservoir
to the first restriction element, and a second implant-
able fluid reservoir, a second fluid conduit connecting
the second fluid reservoir to the second restriction
element.

26. The implantable hydraulic restriction device ac-
cording to any one of the preceding embodiments,
wherein the second fluid reservoir comprising a di-
viding part of the first reservoir.

27. The implantable hydraulic restriction device ac-
cording to embodiment 25, wherein at least one of;
the implantable first reservoir comprises at least one
moveable wall portion for changing the volume of
the implantable first fluid reservoir and thereby mov-
ing fluid from the implantable first fluid reservoir to
the first elements, and
the implantable second reservoir comprises at least
one moveable wall portion for changing the volume
of the implantable second fluid reservoir and thereby
moving fluid from the implantable second fluid res-
ervoir to the second elements.

28. The implantable hydraulic restriction device ac-
cording to embodiment 25, wherein the at least one
moveable wall portion is adapted to change the vol-
ume of both the first and second fluid reservoirs for
changing the volume to; increase the volume of the
implantable first fluid reservoir, when the volume of
the implantable second fluid reservoir is decreasing,
and decrease the volume of the implantable first fluid
reservoir, when the volume of the implantable sec-
ond fluid reservoir is increasing.

29. The implantable hydraulic restriction device ac-
cording to embodiment 25, further comprising at
least one of;
a hydraulic pump, for pumping fluid from the first im-
plantable reservoir to the first restriction element,
a hydraulic pump, for pumping fluid from the second
implantable reservoir to the second restriction ele-
ment, and
a hydraulic pump, for pumping fluid between the first
and second implantable reservoir.

30. The implantable hydraulic restriction device ac-
cording to embodiment 25, wherein the implantable
first and second fluid reservoirs are divided by at
least one moveable piston for changing the volume
of the implantable fluid reservoirs and thereby in-
creasing fluid in the first fluid reservoir simultaneous-
ly with decreasing fluid in the second fluid reservoir
and vice versa.

31. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, com-
prising a control signal coming from outside the body
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to control the device, consisting of at least one of; a
signal that overrides the automatic switching, an au-
tomatic executed signal, or a programming signal to
program the terms for the automatic switching.

32. The implantable hydraulic restriction device ac-
cording to any one of preceding embodiments, com-
prising a control signal consisting of a signal gener-
ated inside the body, to control the device, compris-
ing at least one of; a signal that overrides the auto-
matic switching, an automatic executed signal, a
measured parameter, a calculated parameter, a
functional parameter of the device, a physiological
or physical parameter of the patient, and an input
from any sensor.

[0351] The different aspects or any part of an aspect
of the different numbered embodiments or any part of an
embodiment may all be combined in any possible way.
Any method embodiment or any step of any method em-
bodiment may be seen also as an apparatus description,
as well as, any apparatus embodiment, aspect or part of
aspect or part of embodiment may be seen as a method
description and all may be combined in any possible way
down to the smallest detail. Any detailed description
should be interpreted in its broadest outline as a general
summary description.

Claims

1. An implantable operation device (110) for operating
an implantable restriction element adapted to restrict
a urethra (U) of a patient, the operation device (110)
comprising:

a reservoir (160a) for holding a hydraulic fluid,
the reservoir (160a) comprises a first wall portion
(163a), wherein the first wall portion (163a) is
movable to alter the volume of the reservoir
(160a) and thereby transport hydraulic fluid from
the reservoir (160a) to the implantable restric-
tion element,
an operation member (444) connected to the
first wall portion (163a), such that operation of
the operation member (444) alters the volume
of the reservoir (160a),
an electrical motor (130) connected to the oper-
ation member (444), such that force is trans-
ferred from the electrical motor (130) to the op-
eration member (444) for altering the volume of
the reservoir (160a), and
a flexible enclosure (111) enclosing the movable
wall portion (163a) and the operation member
(444), wherein the flexible enclosure (111) is
adapted to have its volume altered by changing
the outer size and shape of the flexible enclosure
(111), wherein

an average thickness of the first wall portion
(163a) is less than an average thickness of a
second wall portion (163b) of the reservoir
(160a).

2. The implantable operation device (110) according to
claim 1, further comprising a gear system (140), con-
nected between the electrical motor (130) and the
operation member (444), wherein the gear system
(140) is configured to transfer a weak force from the
electrical motor (130) having a long stroke into a
strong force acting on the operation member (444)
having a short stroke for altering the volume of the
reservoir (160a).

3. The implantable operation device (110) according to
any one of claims 1 and 2, further comprising a fluid
conduit (162a) connected to the reservoir (160a) for
transporting fluid from the fluid reservoir (160a) to
the implantable restriction device (10).

4. The implantable operation device according to any
one of claims 1 - 3, wherein the operation member
(444) comprises a threaded member (441a) and
wherein the motor (130) or gear system (140) is con-
nected to a threaded shaft (149) configured to en-
gage the threaded member (441a) for transferring a
rotating force generated by the electrical motor to a
reciprocating force for moving the operation member
(444).

5. The implantable operation device according to any
one of the preceding claims, further comprising an
injection port (126) for supplying fluid to the reservoir
(160a).

6. The implantable operation device according to any
one of the preceding claims, further comprising an
implantable energizing unit (190) for providing ener-
gy to energy consuming components of the implant-
able operation device (110).

7. The implantable operation device according to any
one of the preceding claims, further comprising:

a second implantable fluid reservoir,
a second restriction element, and
a second fluid conduit connecting the second
fluid reservoir to the second restriction element.

8. The implantable operation device according to any
one of the preceding claims, further comprising a
pressure sensor for directly or indirectly sensing the
pressure in the implantable restriction element.

9. The implantable operation device according to claim
8, further comprising a control unit, wherein the con-
trol unit is configured control the implantable opera-
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tion device in response to the pressure sensed by
the implantable restriction element.

10. The implantable operation device according to any
one of the preceding claims, further comprising a
sensor for sensing a functional parameter of the im-
plantable operation device.

11. The implantable operation device according to any
one of the preceding claims, further comprising a
sensor for sensing a physical parameter of the pa-
tient.

12. The implantable operation device according to claim
11, wherein the physical parameter is a temperature.

13. The implantable operation device according to any
one of the preceding claims, wherein the flexible en-
closure (111) comprises titanium.

14. The implantable operation device according to any
one of the preceding claims, wherein the flexible en-
closure (111) comprises silicone.
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